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Introduction 

The biotic changes near the Proterozoic-Cambrian bound

ary attracted the early inquiry of palaeontologists and geol

ogists (Darwin 1859; Linnarsson 1871, 1876; Walcott 1890; 

Lapworth 1891; Matthew 1899) . The observed changes are 

particularly concerned with the abrupt appearance of fully 

developed skeletons in sponges and most coelomate phyla. 

The last two decades of research have generated new in

sight into the complexity of the basic questions to be asked 

regarding this momentous event in the evolution and di

versification of life on the planet (Towe 1970, 1981; Stanley 

1976; Brasier 1979, 1982; Sepkoski 1979; Valen tine 1980; 

Lowenstam 1980; Lowenstam & Margulis 1980; Runnegar 

1982; Lovelock & Whitfield 1982; Glaessner 1983, 1984; 

Seilacher 1984; Valentine & Erwin 1987; Bergstr6m 1989) . 

However, the answers to these questions are totally depen

dent on a reliable timing of the events concerned. 

Micropalaeontology has undergone intensive develop

ment since the late fifties and new techniques have become 

available that are applicable to the investigation of early 

life. Studies of marine phytoplankton pioneered by Eisen

ack (1931, 1932, 1934, 1937, 1938) , O. Wetzel (1933) and 

Deflandre (1935, 1937) were applied by Naumova (1949, 

1956,1960) and Timofeev (1956, 1959, 1966, 1969, 1973) 

to the study of Proterozoic and early Cambrian strata in the 

East European Platform. The early results revealed a wealth 

of microbial fossils and paved the path to be followed by 

subsequent studies (Volkova 1962, 1964, 1965, 1968, 1969a, 

b, 1974a, b, c, 1976, 1985; Jagielska 1966a; Waiynska 1967; 

Kirjanov 1968, 1969, 1974; Fridrichsone 1971; Umnova & 
Vanderflit 1971; Jankauskas 1972, 1974, 1975, 1976; Jan

kauskas & Posti 1976; Volkova et al 1979, 1983) . 

The cysts, walls, and/or envelopes of prokaryotic and 

eukaryotic phytoplankton are abundant and widely distrib

uted in Proterozoic and early Palaeozoic marine sedimen

tary rocks. Under certain conditions they accumulated in 

enormous numbers in sediments that forrned in a wide 

range of depositional environments. The palaeobiology of 

these most abundant fossiIs is at an initial stage of under

standing. It is, however, clear that they forrned the basic 

link of increasingly complex trophic chains near the Pro-

terozoic-Palaeozoic boundary. The basically poor under

standing of the taxonomic affinity of the early fossil phyto

plankton is reflected in its treatment under a provisional 

taxonomic category: the Group Acritarcha (Evitt, 1963) . 

During the last three decades or so an increasing num

ber of studies have resulted in a considerably improved 

knowledge of the stratigraphic and palaeoenvironmental 

distribution of these microfossils (Downie 1960, 1973, 

1974, 1982; Downie et al. 1961, 1963; Downie & Sarjeant 

1963; Staplin et al. 1965; Sarjeant 1967; Vanguestaine 1967, 

1974, 1978;Jux 1968, 1969a, b, 1971; �ellstr6m 1968, 1971; 

G6rka 1969; Loeblich & Tappan 1969, 1976, 1978; Loeb

lich 1970; Tappan 1971, 1980, 1986; Tappan & Loeblich 

1971a, b, 1973; Martin 1972, 1975, 1982, 1984; Eisenack et 

al. 1973, 1976, 1979a, b; Konzalova 1974b; Vavrdova 1974; 

1982;Vidal 1974, 1976b, 1979b, 1981a,b,c, 1983a,b, 1985, 

1990; Rauscher 1974; Wicander 1974, 1983, 1986; Wican

der & Loeblich 1977; FombeIla 1978,1986,1987; Martin & 

Dean 1981, 1983, 1984, 1988; Knoll 1981, 1982a, b, 1984, 

1985; Knoll et aL 1981; Playford 1981; Colbath 1983; Play

ford & Martin 1984; Knoll & Swett 1985, 1987; Welsch 

1986) . 

Numerous drillcores documented the continuous char

acter of the siliciclastic sequence underlying the Lublin 

Slope of the EEP, motivating the present study. Further

more, from the drillhole documentations and available 

publications it was evident that the existing combination of 

lithofacies was suitable for the preservation of organie

walled mierofossils. Henee, it was expected that a rather 

eomplete reeord of planktie plant protists could be reeov

ered aeross the eritieal interval of the Preeambrian-Cam

brian transition. 

Studies of late Proterozoic and early Cambrian organie

walled microfossils in the southwestern seetor of the EEP in 

Poland were initiated by Jagielska (1966a, b,) and Volkova 

(1969a, b, 1972, 1973) . They reported aeritarehs at a num

ber of leveIs in the Lower Cam brian of the Kaplonosy lG-1 

and Radzyn lG-l drillhoies. The present investigation has 

demonstrated that acritarehs are abundant in sequenees of 

the Terebin lG-5, Lopiennik lG-l and Parczew lG-I0 drill-
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hoies. The presenee of acritarchs was also demonstrated in 

the Kaplonosy IG-l and Radzyil IG-l drilleores at depths 

previously not investigated by Jagielska and Volkova. Their 

taxonomic diversification and stratigraphic distribution 

made possible the acritarch-based subdivision of the Lower 
Cam brian strata and recognition of the Precambrian-Cam

brian boundary in this area. 

Geological setting 

General geology 

The Lublin Slope is part of the western margin of the East 

European Platform (Fig. l )  and is limited to the southwest 

by the Teisseyre-Tornquist Lineament (TIL) (Zelichowski 

1972; Guterch 1977; Pozaryski 1 977a, c; Pozaryski et aL 

1 982; Znosko 1 979, 1 984) . lts northern and eastern limits 

are defined by the Luk6w-Wisznice Horst and the Ukrai
nian Shield (Aren 1974, 1 978; Aren et al. 1 979b) . The 
crystalline basement of the platform was consolidated dur
ing the Svecofennokarelian (Svecofennian) and Gothian 
orogenies (Ryka 1970, 1 984; Kubicki et al. 1 972; Znosko 

1979, 1 984; but concerning the Svecofennian and Gothian 
orogenies see Lundqvist 1979 ; Gorbatschev 1 980; Gaal & 
Gorbatschev 1 987) . In the Lublin Slope region, pene

plained crystalline basement is overlain by a sedimentary 

cover attaining a maximum thickness of more than 5600 m 

(Ryka 1 970, 1 984; Juskowiakowa 1974; Kubicki & Ryka 
1 982; Zelichowski 1 976) . 

The sedimentary cover comprises deposits ranging in 
age from late Proterozoic ( late Riphean) to Quaternary 
and contains numerous sedimentation bre aks (Znosko 
1 972a, 1974, 1 984; Zelichowski 1 972; Juskowiakowa 1 974; 

Aren 1 974, 1 978; Laszkiewicz 1 974) . Rocks of the sedimen
tary cover are flat-lying and have escaped substantial meta
morphism (Lendzion 1968a, 1 970a, 1983a; Zelichowski 
1 972; Juskowiakowa 1974, 1 978; Aren & Lendzion 1978; 

Jaworowski 1 978) . They are dissected by faults'striking in 
directions generally perpendicular and parallei to the TIL, 

and the resulting step-wise down-faulted blocks plunge 
towards the TIL. 

The Lublin Slope constitutes the distal part of the Vol
hynian aulacogen (Poiaryski 1963, 1 977a; Poiaryski & Ko
tanski 1 979; Znosko 1966, 1 979, 1 984; Ryka 1970, 1984; 
Kubicki et al. 1 972; Aren 1974, 1 978 ; Aren et al. 1979b) and 
has been alternatively regarded as an aborted rift (Guterch 
1 977; Moczydlowska 1 988b) . The Volhynian aulacogen is 
part of the extensive system of subsiding basins developed 
over the total extension of the EEP during late Riphean 

and Vendjan times (Aksenov et aL 1 978) . 

Subsidence within the Lublin Slope established a marine 

basin during late Vendian and early Cambrian times which 

accumulated detrital deposits attaining a thickness exceed

ing 800 m (Poi:aryski 1977a; Aren & Lendzion 1978;Jawo
rowski 1 978, 1 980; Juskowiakowa 1978; Aren et al. 1 979b; 

Lendzion 1 983a; Znosko 1 984) . The lowermost part of the 
sedimentarr cover overlying the Proterozoic 'crystalline 

basement j:onsists of terrigenous and volcanogenic depos

its belongi\1g to the Upper Riphean, Vendian, and Lower-
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Fig. 2. Ceneralized lithostratigraphic section of the Riphean -
Lower Cam brian sequence in the Lublin Slope.  Modified after 
Juskowiakowa 1 974 and Lendzion 1 983a. 

Middle Cam brian (Lendzion 1 962, 1968a, b, 1 983a; 
Juskowiakowa 1 971 , 1 974, 1 978; Rydzewska 1 974; Aren & 
Lendzion 1 978; Jaworowski 1 978; Wichrowska 1 978) . 

Lithostratigraphy 

In stratigraphic ascending order, the lowermost part of the 
sedimentary cover underlying the Lublin Slope comprises 
the Polesie, Slawatycze, Siemiatycze or Bialopole (probably 
coeval forrnations) , Lublin, Wl'odawa, Mazowsze, Kaplono

sy, Radzyil and Kostrzyil Formations (Lendzion 1962, 

1 968a, b, 1 983a, b, 1 986; Aren & Lendzion 1974a, 1 978 ; 
Mens et al. 1 987, 1 990; Fig. 2) . The oldest deposits attain a 

thickness of 66 m and belong to the Polesie Formation 
which consists of fine-grained, equigranular sandstones 

and interbedded mudstones. On the basis of sedimentolog
ical evidence, rocks of the Polesie Formation were re
garded as continental or continental-lagoonal deposits 

(Lendzion 1968a; Aren 1 974; Juskowiakowa 1974) . The 
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Polesie Formation rests with profound unconformity on 

the Proterozoic crystalline basement and has a very limited 
distribution in the Lublin Slope (drilIcores Kaplonosy IG-l 
and Bus6wno IG-l ; Lendzion 1 968a; Juskowiakowa 1974; 
Aren & Lendzion 1 978) . This unit appears to have accumu
lated in depressions on the crystalline base ment during the 

initial opening of the Volhynian aulacogen (Aren 1974; 
Pozaryski 1 977a; Znosko 1 984) or aborted rift (Moczydlow
ska 1 988b) . A late Riphean age has been attributed to the 

Polesie Formation (Aren & Lendzion 1 978) . However, age 
data on this unit appear inconclusive, as isotopic dating of 

the extrusive lavas and tuffs in the overlying Slawatycze 

Formation and its correlatives in the U.S.S.R. is not defi
nitely established. 

The immediately overlying Slawatycze Formation is a 

complex unit consisting of basalts, tuffs and agglomerates, 
and it contains sandstones and conglomerates at the base. 
The unit has a maximum thickness of 372 m Uuskowia
kowa 1971 , 1 974; Aren & Lendzion 1978) . The Sl'awatycze 

Formation occupies a substantial area of the Lublin Slope. 
Volcanogenic rocks were penetrated only in the drillings 
Kaplonosy IG-l and Bus6wno IG-l (Fig. l ) ,  where they rest 
disconformably on rocks of the Polesie Formation. At the 

sites of the Parczew IG-I 0 and Radzyil IG-l drillhoies, the 

Slawatycze Formation is missing and the crystalline base

ment is overlain by the immediately younger Siemiatycze 
Formation (Aren & Lendzion 1978) . On uncertain 
grounds, mostly lithostratigraphic correlation with pro ba
bly coeval units in the U.S .S .R. ,  an early Vendian age has 
been attributed to the Sl'awatycze Formation (Aren & Len

dzion 1978) . 
Younger units overlie either the crystalline basement 

(Parczew IG-10 and Radzyn IG-l drillhoies) , or the volcano
genic rocks of the Sl'awatycze Formation . They com prise in 

ascending order the Siemiatycze or Bialopole Forrnations, 

and the Lublin, Wlodawa, Mazowsze, Kaplonosy and Ra

dzyn Forrnations. These formations are regarded as Upper 
Vendian and Lower Cambrian (Aren 1 978, 1 982; Aren & 
Lendzion 1978; Lendzion 1983a, b) . The Siemiatycze For

mation consists of rocks that form ed under continental 
depositional conditions and is transitionally succeeded by 
rocks forrned under shallow-marine depositional condi
tions (Lendzion 1 968a, b, 1 983a;Juskowiakowa 1 974; Aren 
1978; Jaworowski 1 978) . A hiatus, attributed to possible 
epeirogenic uplift (Lendzion 1 983a, b) , was reported at the 
junction between the Lower Cam brian Mazowsze and Ka
plonosy Formations (Lendzion in Aren & Lendzion 1978; 

Lendzion 1 983a, b; Lendzion in Mens et al. 1987, 1 990) . 

The proposed hiatus is in disagreement with sedimentolog

ical data by Jaworowski ( 1 978, 1980) , who demonstrated 
continuous sedimentation during Bialopole to Radzyil de

position times (Fig. 2) . The Siemiatycze, Bialopole and 

Lublin Formations were formerly regarded as late Vendian 
in age, whereas the overlying Wlodawa, Mazowsze, Kaplo

nosy and Radzyil Formations were considered as early Cam
brian (Lendzion 1968a, b, 1983a, b; Aren & Lendzion 

1974b, 1978) . More recently, however, micropalaeonto

logical investigations have demonstrated that most of the 
Wlodawa Formation is late Vendian in age. The Precambr

ian-Cambrian boundary was suggested at the base of the 
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Mazowsze Formation (Moczydlowska & Vida1 1 986, 1 988a; 

Moczydlowska, 1 988b) and subsequently adjusted to fall 
within the upper part of the Wlodawa Formation (Moczy
dlowska 1 988a, 1989 ) . 

The deposits of the Siemiatycze and Bialopole Forma

tions are regarded as laterally equivalent and thus probably 

contemporaneous (Aren 1 978, 1982;  Aren & Lendzion, 

1 978; Aren et al. 1 979b; Lendzion 1 983a) . The Siemiatycze 
Formation occupies the northern part of the Lublin region 

and is represented in the Kaplonosy IG-l , Radzyil IG-l and 

Parczew IG-l O drillcores, whereas deposits of the Bialopole 
Formation occur in the southern part of the region and 

have been penetrated at the Krowie Bagno IG-l , Bus6wno 

IG-l , Bialopole IG-l , Terebin IG-5, and Lopiennik IG-1 

drilling sites (Aren & Lendzion 1 978; Aren 1 982) . In their 

respective areas of occurrence the units are widespread 
and generally rest on the volcanogenic rocks of the Slawa
tycze Formation. However, in drillholes Parczew IG-I0 and 

Radzyil IG-l , the Siemiatycze Formation is found to rest on 
the crystalline basement (Aren & Lendzion 1 978) . The 
thickness of the Siemiatycze and Bialopole Formations 
varies from 22 to 93 m Uuskowiakowa 1 974; Aren & Len

dzion 1 978) . 

The Siemiatycze Formation consists of conglomerates, 

arkoses and feldspathic sandstones with intervening mud

stones Uuskowiakowa 1 974; Aren 1978, 1 982; Aren & Len
dzion 1 978) . The Bial'opole Formation consists of quart
zitic sandstones (Aren 1 978, 1 982; Aren & Lendzion 1 978) . 

The feldspathic sandstones of the Siemiatycze Formation 
and the quartzitic arenites of the Bialopole Formation were 

regarded to interdigitate laterally (Aren & Lendzion 1 978; 
Aren 1 982; Aren et al. 1 979b; Lendzion 1 983a) . In the 
northern part of the Lublin Slope, sands tones of the Sie

miatycze Formation are more feldspathic than in the south

ern part of the region. Moreover, the composition of sand

stones of the Bialopole Formation is more quartzitic in the 
southern part of the region, where rocks of this unit were 

shown to have a clayey matrix. Locally, the Bialopole For
mation contains intercalated mudstones and shales (Aren 
& Lendzion 1 978; Aren 1 982) . In the Terebin IG-5 drillhole 
(Appendix 9 ) , however, the basal part of the unit consists 
of shales and mudstones. Deposits of the Siemiatycze For
mation were interpreted as continental , alluvial and near
shore marine (Lendzion 1 968a, 1 983a;Juskowiakowa 1 974; 
Aren 1 978, 1 982;Jaworowski 1 978; Aren et al. 1 979b; Wich
rowska 1 982) . Deposits of the Bial'opole Formation were 
regarded as marine (Lendzion 1 968a, 1 983a; Aren 1 978, 

1 982; Aren & Lendzion 1 978;J aworowski 1 978; Wichrowska 

1 982) . In the investigated sequence of the Lublin Slope, 

the Bialopole Formation yielded the earliest recorded or
ganic-walled microfossils consisting of cyanobacteria and 

acritarchs (Moczydl'owska & Vidal 1 986; Moczydlowska 

1 988b, 1 989) . 
The immediately overlying Lublin Formation consists of 

shales, mudstones and sandstones attaining a thickness of 
20- 1 09 m. The dominant components of the unit are 

thinly laminated shales with intercalated thinly bedded 

mudstones and light-coloured quartzitic sandstones. The 

sandstones attain a greater thickness in the Parczew IG-I 0 

drillcore (Aren & Lendzion 1 978; Aren 1 982) . Vendo-
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taenids are the only common fossils i n  rocks o f  the Lublin 

Formation (Areil & Lendzion 1 978; Gnilovskaya 1 979b, 

1 983; Lendzion 1 983a, b) and form the basis for defining 

the Vendotaenia Zone (Lendzion 1 983b) . Furthermore, the 

Lublin Formation yielded the ol de st known ichnofauna in 
the Lublin Slope, consisting of morphologically simple 

ichnofossils (Paczesna 1 985, 1 986) . Fossil phytoplankton 

from this unit consists of cyanobacteria and simple sphero
morphic acritarchs (Moczydlowska & Vidal 1 986; Moczy
dlowska 1 988b, 1 989) . 

The transgressively overlying Wl'odawa Formation (Wlo
dawa Member according to Lendzion 1 983a, 1986, and 

Mens et al. 1987, 1 990) consists of bimodal, occasionally 

glauconitic quartz sandstones which contain scattered 
phosphatic conglomerates, shales and micaceous mud
stones. The thickness of the unit is variable over a range of 

1 2-101  m (Areil & Lendzion 1 978; Areil I 982) . Here, the 

name Wlodawa Formation is used for the part of the se

quence identified as the Wl:odawa Formation by Areil & 
Lendzion ( 1 978) . The status of the unit was modified by 
Lendzion (Lendzion 1 983a, 1 986; in Mens et al. 1 987, 

1 990) . The name Wl:odawa Member was used for deposits 

underlying the Mazowsze Formation (Lendzion 1 983a) . 

However, the depth intervals in the selected drillhole sec
tions were not specified, and Lendzion ( 1 983a) did not 

indicate which formation the Wl:odawa Member was re
ferred to. Later, the Wl:odawa Member was referred to the 

lower part of the Mazowsze Formation in the section of the 

Lopiennik IG-l  drillhole, although no information was 
provided regarding the depth interval comprising the unit 

in the drillhole (Lendzion 1 986) . More recently, a strato
type was proposed for the Wl'odawa Member or Wl'odawa 
Subformation ( sic! Lendzion inMens et al. 1 987, p. 40, and 
chart; Mens et al. 1 990) which was also regarded as equiva

lent to the Wl'odawa Formation ( sensu Areil & Lendzion 
1 978) . Thus, without further motivation the status of the 

unit was modified to become part of the Mazowsze Forma
tion. Furthermore, Lendzion in Mens et al. ( 1 987, 1 990) 
erroneously attributed this change of status to Lendzion 

1 983 ( 1983a? b?) . 

Rocks of the Wl'odawa Formation have yielded vendo

taenids, organic-walled tubular fossiIs attributed to Sabellid

ites, and - in the uppermost part - the first recorded skeIe
tal fossils attributed to Platysolenites, OnuPhionella, Aldanella 
and Anabarella (Lendzion 1 977, 1 983a, b, c; Areil & Len
dzion 1 978) . Rocks of the Wl:odawa Formation were re
ferred to the Sabellidites Zone, taken as the earJiest zone of 
the Cambrian Period (Areil & Lendzion 1 978; Lendzion 
1 983a, b) . Alternatively, the Wl'odawa Formation was re
garded as Vendian (Moczydl'owska & Vidal 1 986, 1 988a; 
Moczydl'owska 1 988a, b,  1 989) . The Wl:odawa Formation 

yielded a depauperate assemblage of trace fossils incJuding 

Planolites (PaczeSna 1 986) . A phytoplankton assemblage 
recovered from this unit does not differ from the taxonom

ically simple assemblage recorded in the Proterozoic Lub

lin Formation (Volkova 1 969a, 1 973; Moczydl'owska & 
Vidal 1 986; Moczydl'owska 1 989) . However, in the drill

cores Lopiennik IG-l , Parczew IG- I0  and Kaplonosy IG-l , 

the uppermost part of the Wl'odawa Formation yielded the 

earliest recorded specimens of acritarch taxa characteristic 
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of the basal Cambrian and found in the overlying Lower 

Cambrian Mazowsze Formation (Moczydlowska & Vidal 

1986; Moczydl:owska 1 988a, 1989) . 

The conformably overlying Mazowsze Formation con

sists of shales and mudstones intercalated with glauconitic 
sandstones. Occasional phosphatic concretions occur in 

the lower part of the unit (Are il & Lendzion 1 978) . The 

total thickness of the formation ranges from 45 to 1 29 m 
(Areil & Lendzion 1 978; Lendzion 1 983a) . The Mazowsze 
Formation yielded Platysolenites, Onuphionella, Coleolella and 
Torellella and has be en referred to the Platysolenites Zone 
(Areil & Lendzion 1 978; Lendzion 1 983a, b) . Trace fossils 

from the Mazowsze Formation are diverse and comprise 
numerous ichnospecies now considered to be diagnostic of 
the Lower Cambrian and higher levels (Paczesna 1986) . 
Acritarchs from this formation were first recorded by Jagiel

ska ( 1 966a) , who described excJusively spheromorphic, 

non-diagnostic forms. Later Volkova ( 1 969a, b) recovered 
an assemblage comparable to a previously reported acrit
arch assemblage from the Lower Cambrian Lontova 'hori
zon ' in Estonia (Volkova 1 969b, 1 973) . Simple, spherical 
and tubular cyanobacteria and more lavishly ornamented 

acritarchs were reported by Moczydl'owska & Vidal ( 1 986) 
and Moczydl'owska ( 1 988a, 1 989) , who considered that the 
acritarchs represent a radiation of distinctive planktic pro
tists . This conspicuous event was considered to mark the 
Precambrian-Cambrian boundary in the investigated area 

(Moczydl:owska & Vida1 1 986, 1 988a; Moczydl:owska 1 988a, 

1989) . 
The Mazowsze Formation is conformably overlain by 

rocks attributed to the Kaplonosy formation . The latter is 

in turn conformably overlain by the Radzyil formation 
(Jaworowski 1 978, 1 980) . The Kaplonosy and Radzyil for
mational concepts were first introduced by Lendzion 
( 1 962) . However, no stratotypes were estabJished and 
depth figures for the units were not indicated (cf. Lendzion 

1 962, 1 968b; Aren & Lendzion 1 978; Lendzion 1 983a) . The 
boundary between the Kaplonosy and Radzyil formations 
was indicated only in the drillcores Kaplonosy IG-l and 

Radzyil IG- 1 ,  but discrepant depth figures were provided in 
papers by Lendzion ( 1 969b, 1 972a) . Subsequently, the 

boundary between two units was either not mentioned or 

subjected to modifications (Areil & Lendzion 1 978; Len
dzion 1 983a, b) . More recently (Lendzion in Mens et al. 
1987, 1990) , stratotypes for the units were proposed in the 
Kaplonosy IG-1 and Radzyil IG-1 drillcores, making refer
ence to Lendzion ( 1 962) . However, because the units had 
no previously defined Jithologic boundaries they were evi
dently invalidly introduced by Lendzion (1962) . Neverthe
less, deposits underlying the 'Kaplonosy Formation ' had 
not yet been drilled through at the time of publication of 

Lendzion' s 1962 report and were therefore unknown at the 

time (cf. Lendzion 1 962, Fig. 1 ) .  This circumstance evi

dently impeded establishing the base of the formation. 

Both formations (Kaplonosy and Radzyil) were defined on 

the basis of biostratigraphic evidence rather than on litho
logical criteria (Bednarczyk 1 986) . For this reason, possibly 

time equivalent deposits occurring in the Baltic SynecJise 

were incJuded in a single unit, the Leba Formation (Bed
narczyk & Turnau-Morawska 1 975; Bednarczyk 1986) . 
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Number of � TEREBIN .l::OPIENNIK P ARCZEW KAPLONOSY RADZYN samples 

Formation IG-5 IG -1 IG -10 IG -1 IG-1 
within 

formation 

RADZYN 
+ 3 + 24 

& 8 - 5 26 - 2 16 
KAPLONOSY 

+ 6 + 12 

MAZOWSZE 10 - 4 16 - 4 28 

3 + 3 14 + 14 8 W�ODAWA O O 

24 + 7 12 + 11 18 LUBLIN -17 - 1 

12 O 5 O O BI�OPOLE -12 - 5 

Number of 

samples within 57 +19 73 + 6 1  70 
drilleore -38 - 12 

+15 + 6 

- 1 12 - 6 13 

+18 +1 3 

-10 14 - 1 8 
+17 5 + 5 3 - 1 - O 

+ 7 11 +10 6 - 11 - 1 

O O 
+ 47 42 +34 30 
-2 3  - 8 

+12 

- 1 

+ 8 

o 

+ 1 

- 2 

+ 5 

- 1 

+26 

- 4 

+ 60 75 - 15 

+ 57 

76 - 19 

33 + 30 

- 3 

71 +40 

- 3 1  

17 O 
- 17 

Total number 

272 +187 

- 85 

Fig. 3. Frequency table offossiliferous samples in the investigated drillcores. Figure on the left side of each column indicates the total num ber 
of examined samples. The plus symbols indicate the number of acritarch productive samples; the minus symbols indicate barren samples 
and/ or samples yielding only cyanobacterial microfossils. 

Neither the top of the Kaplonosy formation nor the 
bottom of the Radzyfl formation have been established in 

the drillcore sequences under discussion, other than Ka
plonosy IG-l and Radzyfl lG-l drillhoies. Thus the units are 
poorly defined. Because of this confusing situation Moczy
dl'owska & Vidal ( 1 986, 1988a) referred the rock sequence 
embraced by the two units to a single composite unit ( the 

Kaplonosy and Radzyfl formation) . However, double for

mation names are recommended only for laterally homo

geneous lithostratigraphic units (Hedberg 1 976) , not to be 
applied to stratigraphically successive units. Accordingly, 
the lithoiogic units under discussion were lately treated as 
informal Kaplonosy formation and Radzyfl formation (Mo
czydl'owska 1989; Fig. 2 ) . 

Generally, the accumulated thickness of the two units 
ranges from 327 to 432 m. However, in the drillhole Poded
worze lG-2 , located at the border of the Lukow-Wisznice 

Horst (Fig. l ) ,  the two units attain a total thickness of on ly 
5 m (Lendzion 1 983a) . The Kaplonosy formation consists 

of quartzitic sandstones interbedded with shales and mud

sto nes, whereas the Radzyfl formation is made up of alter

nating mudstones, shales and glauconitic sandstones (Aren 
& Lendzion 1978; Lendzion 1983a, b) . In the Lublin area, 

both units yielded fossils referred to Torellella, Hyolithellus, 

Volborthella, Lingulella and Westonia, fossils that elsewhere 

are diagnostic of a Cambrian age. The most important 

index fossils are trilobites, which appear for the first time 
in the Kaplonosy formation (Aren & Lendzion 1 978) . The 
recorded trilobites belong to Schmidtiellus, Holmiq" Strenu

aeva, Ellipsocephalus and Kingaspis (Aren & Lendzion 1 978; 

Lendzion 1 983a, b, c) . Rocks of the Kaplonosy and Radzyn. 

formations were referred to the Holmia and Protolenus 

Zones (Aren & Lendzion 1 978; Lendzion 1 983a, b) . Both 

zones were considered to occur in the Lublin Slope (Aren 

& Lendzion 1 978; Lendzion 1 983a, b) , but their ranges 
were only indicated in the Kaplonosy lG-1 and Radzyfl lG-l 

drilleores (Lendzion 1 969a, b,  1 972a; Aren & Lendzion, 
1 978) . However, even for these drilleores Lendzion ( 1 969a, 

b, 1 972a) and Aren & Lendzion ( 1 978) provided discrep

ant or conflicting information concerning the depths of 

the strata embraced by the zones. Thus, these units are still 
to be considered as informal . 

Acritarchs from the Kaplonosy and Radzyfl formations 
form assemblages comparable to those recorded from the 
Talsy, Vergale and Rausve 'horizons' (acritarch bio-units) 
in the U.S .S.R. part of the EEP (Volkova 1 969a, 1 973; 
Volkova et al. 1 979, 1 983;  Moczydl'owska 1 98 1 ,  1 988a, 1 989; 
see 'Acritarch-based correlation of the Lower Cambrian ' ;  
Fig. 10 ) . 

The above mentioned Lower Cambrian units are con

formably overlain by the Kostrzyn Formation which consists 

of quartzitic sandstones. The formation is attributed to the 

Middle Cambrian Eccaparadoxides oelandicus and Paradox

ides paradoxissimus Zones (Lendzion 1 983a; Mens et al. 

1 987, 1 990) . 

Material and methods 

The material dealt with in the present investigation consists 

of drilleore samples deriving from research and prospeet

ing deep drillholes in the Lublin region in southeastem 
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Poland (Fig. l ) .  The cores most suitable for the preserva

tion of acid-resistant microfossils and with the most com

plete core recovery ( some of them 1 00 % ;  see Appendices 

6-1 0) were selected. Samples from major beds and interca

lations of shales, mudstones and siltstones, generally 
amounting to about 500 g of rock, were collected (Appen

dices 6-1 0) . The samples were not taken at pre-established 

intervals, and their number was only determined by the 
state of preservation and completeness of the drillcores. 

Strongly bioturbated and slumped intervals, which may 

result in mixed or reworked micr�fossil asseJ:Itblages, were 
avoided during the course of the sampling. Samples were 
processed using conven tional palynological techniques (cf. 
Gray 1 965; Phipps & Playford 1 984; Vidal 1988) . After 
maceration in HCl and HF, repeated rinsing in distilled 
water, and ensuing decantation, microfossils were extrac

ted by flotation in a solution of cadmium iodide and potas
sium iodide (CdJ2+KJ) . Centrifugation was applied in con

nection with flotation. Oxidizing agents (HN03 and 

Shultze solution) were used only after the colour of organic 
residues had been observed. 

A total of 272 samples were examined, 1 87 of which 

yielded acritarchs (Fig. 3) . Additional fossiliferous samples, 
containing presurnably cyanobacterial microfossils, derive 
from the Bial'opole Formation and in particular the Lublin 
Formation (not accounted for in Fig. 3) . The number of 
acritarch specimens in the discrete strew mounts varied 
from only a few to severaI hundred specimens. Occasion

ally, more than one thousand specimens were recorded on 
a single slide. More than 35 000 specimens of acritarchs 

were identified. Microfossils were inbedded in sealed semi
permanent mounts using glycerol jelly as a mounting me
dium. A transmitted light microscope (Leitz Wetzlar Dia
lux 20) provided with an interference contrast attachment 
was routinely used. Micrographs were taken under interfer
ence contrast with a x100 oil-immersion lens, using Leitz 
Vario Orthomat micrography equipment. The location of 
specimens in the microscopic slides were recorded using 
an England Finder. Figured specimens are kept in the 

collections of the Geology Department, University of Lund. 

Taphonomy, state of 
preservation and thermal 
history 

The geologic history of sedimentary basins is reflected by 
(and may be partly inferred from) the state of preservation 
of buried organic matter. After burial , organic matter gets 

involved in complex organic-inorganic interactions that 

influence the diagenetic and geochemical processes which 

shape the diagenetic fate of sedimentary rocks (Gautier 
1986) . The arpount of organic matter preserved in sedi

ments depends on the organic productivity and preserva

tion potential of organic matter in a sedimentary basin. 
Anoxic enviropments are favourable for the preservation 
of organic matter in sediments (Tissot 1 977; Tissot & Welte 

1 978; Brooks 1 981 ; Selley 1 985) . 
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Late Proterozoic and early Cambrian marine ecosystems 

were taxonomically substantially impoverished in com pari

son with more diverse modern ecosysterns. However, dur

ing the late Proterozoic and early Cam brian the area cov

ered by continental shelves was enlarged through the 
breakup of the late Proterozoic supercontinent (Piper 

1985; Kumpulainen & Nystuen 1 985 ) , thus resulting in 
expanded global productivity in the oceans (Knoll 1982c) . 
The ensping transgressive event(s) during early Cam brian 
times (Brasier 1 982,  1 985) might have resulted in an in
crease of the area and volurne of the shallow epicontinental 
sea habitats (Riding 1982; Surlyk 1980) , thus resulting in 

further increased productivity. 
Extrapolating actualistic models back in time meets dif

ficulties particularly concerning the interpretation and re

construction of ancient basins. However, studies of phyto
plankton may be very useful for any estimation of biological 
productivity even for very early segments of Earth history 
(Tappan 1 968, 1 986; Tappan & Loeblich 1 970, 1 971a, 
1982; Hofmann 1 976; Tappan 1 976; Vidal 1976a, 1 983a; 
Horodyski 1 980; Knoll 1 98 1 ,  1 982c, 1 985 ;Jankauskas 1 982, 
1989; Vidal & Knoll 1 983; Selley 1 985 ) . 

Organic-walled phytoplanktic microfossils from the 
Upper Vendian and Lower Cambrian deposits in the Lub
lin region are referred to the acritarchs and generally 
display a good state of preservation. Their processes, outer 
membranes, and additional wall sculpture elements are 
usually well preserved. Part of the recovered microfossils 
are corroded or may display impressions and pyrite fram

boids and pseudomorphs (cf. Neves & Sullivan 1 964; Vol

kova 1964; VidaI 1 974) . The effects of corrosion are clearly 
visible on the surfaces of spheromorphs attributed to Leil)

sphaeridia sp. (PIs 1 2A, B, C, E; 1 3A, B) . They are particu
larly evident on microfossils from deposits underlying the 
Kaplonosy formation (Fig. 2) . Imprints of pyrite pseudo
morphs are observed on the walls of acritarchs and on 
unidentifiable fragments of organic matter (PIs 1 3H; 1 5H)  
deriving from sandstone, mudstone and shale lithofacies 
from all investigated stratigraphic units. 

In certain samples, specimens of acritarchs showing dif

ferent stages of degradation were observed to co-occur. In 
numerous instances wall ornamentation and processes 

were preserved despite partial wall corrosion. These fea
tures, taken together, may indicate that the variable stages 
of preservation could be ascribed to pre-burial conditions. 
However, palynological samples are bulk samples that may 
com prise repeated generations of cyst production accumu
lating under substantially variable environmental and 
burial conditions. This may also explain the mixed states of 
preservation observed on acritarchs from the same sample. 

Similar conditions of preservation of organic-walled 
'
mi

crofossils were aftributed by Vidal & Siedlecka ( 1 983) to 

redeposition in a tidal flat environment. This interpreta

tion may be applicable to the present material as well ,  since 

corroded and well-preserved specimens co-occur in various 

parts of the Mazowsze Formation 'in the Kaplonosy IG-1  and 

Radzyii IG-1 drillhoIes. Further evidence derives from sed
imentological data iqdicating that the Lublin Slope was a 

shallow epicontinental basin,  possibly even occupying the 
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T. P. B .  DEPTH [ m l  

80· - 90° 3209. 5 - 3583.0 

90° - 9 1 °  3583.0 - 3660.0 

9 1 °  - 92° 3660.0 - 3671 .8  

92° - 94° 3671 . 8  - 3781 .0  

94° - 95°  378 1 .0 - 3832.5 

1 1 8° - 1 30° 4742.0 - 5192.0 

1 30°- 132° 5 1 92.0 - 5302. 0 

132°- 1 3 5° 5302.0 - 5403.0 

1 35°- 1 37 0  5403.0 - 5474.4 

137°- 1 40° 5474.4 - 5567. 3  

42°- 5 1 ° 1670.0 - 2062. 4 

5 1 ° - 54° 2062. 4 - 2175. 7 

54°- 56° 21 75.7 - 2239. 8 

56°- 57° 2239.8 - 2280.7  

- 2280.7 - 2302.3 

26°- 36° 1067.8 - 1464. 3 

36° - 40° 1464.3 - 1593 .7  

40°- 41 °  1593.7 - 1625 . 4  
,...., 41° 1625.4 - 1646. 2 

- 1 6 4 6. 2 - 16 6 9. 5 

22°- 30· 888. 2 - 1215.6 

30°- 34° 1215.6 - 1339. 3 

'" 34° 1 339.3 - 1 352.8 

34° - 35 ° 1352. 8  - 1401 .4 

- 1401.4 - 1439. 3 

Fig. 4. Observations on the therma! alteration of organic matter and inferred stages oflithogenesis in the transitional Upper Vendian - Lower 
Cambrian deposits in the Lublin Slope (after Moczydtowska 1 988b) . O.M.  - organic matter; T.A.1. - thermal alteration index; T.P.B.  -
temperature of present burial. Lithogenesis according to Rovnina ( 1 981 ) :  DG - diagenesis; PK - protokatagenesis; MK - mesokatagenesis. 
TAL and palaeotemperature CC) according to Hayes et aL ( 1 983) . T.P.B. - 2SC/ I 00 m, according to Majorowicz ( 1 982b ) .  
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tidal zone during Vendian and earliest Cambrian times 

(Jaworowski 1 978) . 

Pyrite in association with microfossils commonly occurs 

in connection with substantial accumulation of organic 

matter. In the Lublin basin, mass accumulation of organic 
matter is associated with palynofacies with rich occurrences 

of cyanobacterial fragments, particulate organic matter, 

sap rope l and acritarchs forming an organic 'mosaic' (Pl. 
l SG) . The fragments of organic matter reach dimensions 
of severai hundred micrometers. The mass occurrence of 
organic matter is stratigraphically well defined and partic
ularly related to the Lublin Formation. However, minor 
1evels of enrichment of particulate organic matter also 
occur in other investigated forrnations. Substantially re
duced 1evels of bioturbation by detrital feeders in Lublin 
time can be inferred from the trace fossil record (PaczeSna 

1 986) . The absence or low leve! of bioturbation associated 
with this unit could be an additional parameter to be taken 

into consideration in terms of the preservation and final 

burial of organic matter. lndirectly, accumulation of or
ganic matter was probably a result of mass blooms of algal 
protists, cyanobacteria and/or bacteria. After burial these 

underwent bacterial degradation and helped create reduc
ing conditions in the oxygen minimum zone in the shallow
marine Lublin basin . Probably, in such environments, hy
drogen sulphide (H2S) generated by anaerobic sulphate
reducing bacteria recombined with iron ions to form pyrite 

(e.g. Schidlowski et al. 1 983; Berner 1 984; Selley 1 985) . 
Besides diagenetic, pure ly mechanical and biochemical 

changes, the state of preservation of palynomorphs was also 
affected by the thermal development of the Lublin basin .  

The effect of thermal alteration on organic matter is re
flected by irreversible colour changes. Thus, as condensa
tion reactions proceed during the process of diagenesis, 
katagenesis or metagenesis (Tissot 1 977) , the colour of 
organic matter becomes increasingly darker. The 'matu

ration' of organic matter caused by thermal alteration 

depends on increasing depth of burial which is obviously 
elose!y re!ated to increased pressure (Brooks 1 98 1 ;  Selley 
1 985) and to diastrophic processes. 

The colour of acritarchs from the Upper Proterozoic and 
the Lower Cambrian formations varies from yellow to dark 

brown and displays certain differences between discrete 
formations ( Moczydlowska & Vidal 1986; Moczydlowska 
1 988b; Fig. 4) . Colour changes observed in particulate 
organic matter can be related to values of the thermal 
alteration index (TAl) , ranging from l to 4 (according to 
the scale of Hayes et al. 1 983) . These TAl values correspond 
to the diagenesis, protokatagenesis and mesokatagenesis 
stages of lithogenesis (Rovnina 1981 ) .  

The recorded higher thermal alteration of organic mat

ter in the Upper Proterozoic (Vendian) deposits (e.g. Bia

lopole, Lublin and Wlodawa Forrnations) in the Lublin 

region is probably the result of increased heat flow to the 

upper crust due to the opening of the aborted rift (Moczy

dlowska 1 988b) . The degree of maturation of organic mat
ter is regarded as a direct indicator of the possibility for the 

occurrence and migration of hydrocarbons (Brooks 1981 ) .  

The early stage of katagenesis which has affected the or
ganic matter in the investigated deposits exeludes the pos-
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sibility for any significant amounts of hydrocarbons in Ven

dian and Lower Cam brian strata in the investigated sector 

of the Lublin Slope in the EEP (Majorowicz 1 978b; Depow

ski & Majorowicz 1 979; Majorowicz et al. 1 983, 1 984; Moczy

dlowska 1988b) . 

Micropalaeontologic results 

Detailed lists of microfossil species occurring in the investi
gated samples are shown in Appendices l -S.  

Seventeen samp1es from the Bialopole Formation in the 
Terebin IG-S and Lopiennik IG-l drillcores were examined 

(Fig. 3 ) . Coeval deposits of the Siemiatycze Formation 
(Lendzion 1 983a) from the Parczew IG-I0 ,  Radzyn IG-l  
and Kaplonosy IG-l drilling sites were not  sampled because 
these rocks contain few shale and mudstone interbeds 

prornising for the extraction of organic-walled fossils. Fur
thermore, the red simdstones of the Siemiatycze Formation 

do not reflect conditions suitable for the accumulation and 
preservation of acritarchs. Acritarchs were not recovered 
from the Bialopole Formation, although there is an abun
dance of presurnably cyanobacterial microfossils, irregular 
fragments of organic matter, and unidentifiable finely par
ticulate organic matter. Possible cyanobacterial remains 
occur as simple, smooth, filamentous sheaths (Pl. 1 41-J) , 
unicellular spherical envelopes with smooth walls (Pl .  I SF) , 
and elusters (diameter 20 vm) of colonial spherical vesi
eies. The latter, chroococcalean-like (Mansuy & Vida1 1 983;  

Moczydlowska & Vidal 1 986; Vidal & Nystuen 1 990) or 
pleurocapsalean-like (Knoll et al .  1 98 1 ;  Knoll & Swett 1 985,  

1 987; Allison 1 988) vesieles are referred to Sphaerocongregus 

vanalJilis Moorman (Pl .  l SI) . Microfossils of this species 
have been attributed to Bavlinella faveolata Shepeleva 
emend. Vidal (Shepeleva 1 962; Vida1 1 976a, 1 979b; Knoll 
et al. 1 98 1 ;  Mansuy & Vida1 1 983; Knoll & Swett 1 985, 1 987; 
Moczydlowska & Vidal 1 986; Palacios Medrano 1 989) or to 
two disc re te species, s. vanalJilis and B. faveolata (Allison 

1 988) . Recently, however, the name Sphaerocongregus van

alJilis Moorman, being a formally valid name for the species 
(Moorman 1 974) was restored (Vidal & Nystuen 1 990) . 

Seventy-one samples from the Lublin Formation were 

investigated, and 40 of them provided more than 1 300 
specimens of Leiosphaeridia sp. (Fig. 3; Pl. 1 2A-D) . They 
were accompanied by very abundant vendotaenid fila
ments (group Vendotaenides Gnilovskaya 1 971 ) ,  colonial 
spheroidal cyanobacterial remains ( s. vanalJilis Moorman) , 
simple cylindrical sheaths and ornamented sheaths, and 
irregular fragments of organic matter (Pl .  l SG) . The orna
mentation of the cyanobacterial sheaths consists of thick
ened ridges and annular surface structures (Moczydlowska 
& Vidal 1 986; Pl . 1 4G-H) . 

Vendotaenids were generally regarded as multicellular 

algae, probably brown algae (Gnilovskaya 1 971 , 1 974, 1 975 , 

1 976, 1 979a, b, 1 983) . Because of their large dimensions 

and mass occurrence in the Upper Vendian deposits, ven
dotaenids have attracted special attention. Their supposed 

relation to metaphytic algae was mainly based on their 

macroscopic dimensions and the presence of structures 
thought to be reproductive ( Gnilovskaya 197 1 , 1 974, 1 975, 
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1 976, 1979a, b, 1 983) . The multicellular thallophytic orga
nization was never satisfactorily demonstrated (cf. Gnilov
skaya 1971 , 1 975, 1979a, b, 1 983) , however, and vendo

taenids have recently been reinterpreted as abandoned 

giant cyanobacterial sheaths (Vidal in Germs et al. 1986) or 
alternatively as sheaths of beggiatoacean white bacteria 
resembling Thioploca (Vidal 1 989) . 

Thirty-three samples from the Wlodawa Formation were 
investigated and only three were found barren (Fig. 3) . The 

productive samples yielded more than 2300 specimens of 
Leiosphaeridia sp. The first specimens of ornamented acri
tarchs referred to Granomarginata squamacea Volkova, 

Lophosphaeridium tentativum Volkova, Comasphaeridium ag

glutinatum Moczydl'owska, and Asteridium sp. appear in the 

uppermost part of the formation and are recorded in the 

drilleores Lopiennik IG-1 (5302.0-5305.8 m) , Parczew IG
l O  ( 2 1 75 .7-2 1 8l .0 m) and Kaplonosy IG-1 ( 1 339.3-
1 342.5 m) (Appendices 10, 7 and 6, respectively) . These 

species characterize the overlying Mazowsze Formation 
where they are more frequent. The Wlodawa Formation 
yielded numerous sheaths of vendotaenids, filamentous 
cyanobacteria and irregularly shaped organic remains. Ex

cept for the ornamented acritarchs, the assemblage of 
microfossils and associated unidentified organic remains is 
similar in composition and state of preservation to that of 
the underlying Lublin Formation. 

Fifty-seven out of 76 processed rock samples from the 
Mazowsze Formation yielded abundant acritarchs (Fig. 3)  
accompanied by cyanobacterial filamentous and tubular 
sheaths (Pl. 1 5A-B) and organic fragments. The cyano
bacterial remains are less abundant than in the underlying 

units. Additionally, a few specimens of the problematie 
microfossil Ceratophyton vernicosum Kirjanov were recovered 
(Pl. 1 5E) . C. vernicosum was originally described as plant 
remains of unknown systematie affiliation (Kirjanov 1968, 
and in Volkova et al. 1 979) . The speeies is known to occur 
in the Rovno and Lontova horizons in the EEP of the 

U.S .S.R. (Volkova et al. 1 979, 1 983) . In the Lublin Slope C. 
vernicosum is recorded in the drilleores Lopiennik IG-1 
(5210 .0  m and 5 1 97.2 m) and Kaplonosy IG-1 ( 1 3 14 .0 m 
and 1 293.0 ml . A single, presurnably chitinous arthropod 
fragment was recovered from a sample at the depth of 
1 302.0 m in the Kaplonosy IG-1 drillcore (Pl .  1 5D) . 

The acritarch assemblage from the Mazowsze Formation 
is taxonomically rich (Appendices 1-10)  and contains lav
ishly ornamented taxa exhibiting proeesses, spines, ridges, 
muri , membranes and pores. However, most frequent are 
smooth and undiagnostic spheromorphs attributed to Leia

sphaeridia sp . ,  amounting to more than 8600 specimens.  

The diagnostically ornamented acritarchs are less numer
ous (about 1 600 specimens) . In all , the assemblage com

prises 17 taxa (Moczydl'owska & Vida1 1986; Moczydl'owska 

1988a, 1989; Appendices 1-10) . Four of them, Comasphae

ridium agglutinatum Moczydl'owska, C. formosum Moczy

dl'owska, C. velvetum Moczydl'owska, and Pterospermella velata 

Moczydl'owska, are so far known only from the Mazowsze 

Formation in the Lublin Slope. The remaining species 
occur frequently in the Lower Cambrian deposits of the 
EEP, Scandinavia, Greenland, Svalbard, Scotland and Can
ada (Volkova 1 968, 1 969a, b, 1 973; Volkova et al. 1979, 

FOSSILS AND STRATA 29 ( 1991 ) 

1 983; Downie 1974, 1 982; Vida1 1 979b, 1981a, b, c; Moczy
dl'owska 1 98 1 , 1 989; Moczydl'owska & Vida1 1 986; Knoll & 
Swett 1 987) . Only one species, Asteridium tornatum (Vol

kova) comb.nov. (=Micrhystridium tornatum Volkova) , was 

previously reported from the Upper Proterozoic Kotlin 
Formation in the EEP of the U.S .S.R. (Volkova 1 968, 

1 969b, 1 973; Volkova et al .  1 979, 1 983) and in the Lublin 
and Wl'odawa Formations of the Lublin Slope (Radzyn IG-1 
drillhole; Volkova 1969a, bl . Unfortunately, the occur
rence of the speeies in the Kotlin Formation is poorly 
documented ( see 'Acritarch-based correlation of the Pre
cam brian-Cam brian boundary' , The EEP) , and the pres

ent study could not confirm it from the Lublin and Wl'o

dawa Forrnations. The acritarch assemblage recovered 
from the Mazowsze Formation is here regarded as defining 
the oldest microfossil zone of the Cam brian in the Lublin 
Slope (Moczydl'owska & Vidal 1 986, 1 988a; Moczydl'owska 
1 988a, 1 989; Figs. 5, 6) . 

Seventy-five samples deriving from the Kaplonosy and 

Radzyn formations were studied, and 62 of them yielded 
abundant acritarchs (Fig. 3) . The microfossils recorded 
from this part of the Lower Cambrian sequence in the 

Lublin Slope can be attributed to 50 acritarch taxa (Moczy
dl'owska 1 989; Figs. 5, 8) . This taxonomically diverse assem

blage is here taken to represent a major speciation event. 
More than 20 000 specimens were examined, and about 
5000 can be referred to short-ranging and biostratigraphic

ally significant species (Fig. 5 ) . Two speeies are presently 
known exclusively from the Lublin region, i .e. Heliosphae

ridium longum (Moczydl'owska) comb. nov. and Skiagia pura 

Moczydl'owska (Moczydl'owska 1988a) . The remaining spe
eies are also known from the Lower Cambrian deposits in 
other parts of the EEP, Scandinavia, Greenland, Svalbard, 
Scotland and Canada (Tynni 1 978, 1982a; Volkova el al. 

1 979, 1 983; Vida1 1979b, 1981a, b, c; Moczydl'owska 1 98 1 ,  
1 989; Downie 1 982, 1 984; Moczydl'owska & Vidal 1 986; 
Knoll & Swett 1 987; Hagenfeldt 1 988, 1 989a; Eklund 1 990) . 

The acritarchs from the Kaplonosy and Radzyn forma

tions allow the discrimination of three assemblages (Figs. 
5 ,  8) . They are accompanied by cyanobacterial sheaths 
( single vesicles and filaments) , specimens of Ceratophyton 

vernicosum Kirjanov and vendotaenid filaments. All these 
accessory microfossils are rare in the lower part of the 
Kaplonosy and Radzyn formations and disappear in the 
up per part of the sequence. 

Microfossil assemblages 
acritarch zones 

Severai drilleores through the Upper Vendian and Lower 

Cam brian deposits in the Lublin Slope of the EEP have a 

continuous succession of acritarch and cyanobacterial as

semblages. These are taxonornically distinctive and consist 

of species with limited stratigraphic ranges. The observed 
variations in the specific composition of discrete phyto
plankton assemblages is here interpreted to indicate step
wise development of the micrQbiotas through time, appar

ently independent of palaeoenvironmental conditions and 
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facies changes. Appendices 1 -5 show graphic abundances 

of acritarch speeies from all investigated drillcores. 
The investigated Upper Vendian and Lower Cam brian 

lithological sequences are displayed in Appendices 6--1 0  

together with the stratigraphic distribution o f  discrete acri
tarch assemblages. Six microbial assemblages numbered l 

to 6 in ascending order (Appendices 1-5; Fig. 5) are estab

lished on the basis of the earliest appearances of microfos
sil taxa. Four of them (assemblages 3-6) determine the 
proposed formal acritarch Assemblage-zones (Appendices 
6--10 ;  Fig. 5 ) . The assemblages and the concurrent zones 
defined by them allow correlation of the deposits irre spec
tive of lithofacies development and presenee or absenee of 
macrofauna. Biozones are delimited by the first appear
ance of new species ( their lower boundary) , by index taxa 
having stratigraphic ranges limited to this zone, and by the 
base of the range of the next appearing species that define 
the immediately succeeding zone (and the top limit of the 

zone) . Acritarch zones (Appendices 6--10 ;  Fig. 5) are estab
lished for the Lower Cambrian, excluding the bulk of the 

Wl'odawa Formation, which is regarded as Vendian in age 
(Moczydl'owska & Vidal 1 986, 1 988a; Moczydl'owska 1 988a, 
b, 1 989) . 

The microfossils in Vendian deposits (e.g. cyanobacteria 
and leiosphaerids) have comprehensive stratigraphic 
ranges and are not biostratigraphically significant. In the 
investigated region, the oldest organic remains form As
semblage l (Fig. 5) which consists of filamentous sheaths 
and spheroidal envelopes of cyanobacteria. Assemblage l 
occurs within the Bial'opole Formation in the Terebin IG-5 
and Lopiennik IG-1 drillcores (Appendices 9 and 10 ,  re

spectively) . 
The second microbial assemblage (Fig. 5) is composed 

of acritarchs appearing for the first time in the Lublin 

basin, and of cyanobacteria and/or bacteria, including 
vendotaenids. Some of the cyanobacterial microfossils are 

identical to those recovered from the underlying rocks. 
However, some forms are new and morphologically more 
complex. The presurnable cyanobacterial remains occur
ring in the assemblage are unicellular vesicles, colonial 
spheroids referred to Sphaerocongregus variabilis Moorman 
(Pl. 1 51) , simple and smooth filamentous sheaths (Pl. 1 41-

J) , and sheaths with annular thickenings (Pl. 1 4G-H) . Ven
dotaenids have mass occurrences, while acritarchs of the 
genus Leiosphaeridia are very abundant (Pl. 1 2A-H) . Differ
ences among the leiosphaerid populations con cern the 
diameter of vesicles and wall thickness, which could per
haps be dependent on environmental conditions and thus 
be of limited stratigraphic significanee (Lindgren 1 98 1 ,  
1 982b) . The microfossils are accompanied by abundant 
particulate organic matter. The above mentioned micro

bial assemblage is known to occur in all the investigated 

sections through the Lublin and Wl'odawa Formations (Ap

pendices 6--l O) . 
The third microbial assemblage (Fig. 5) is significant in 

representing the first early Cambrian acritarch radiation 
which resulted in a rise of numerous new speeies (Moczy
dl'owska & Vidal 1 986; Moczydl'owska 1988a, 1 989) . This 

acritarch assemblage is comparatively diverse compared to 
preceding assemblages. In the investigated sequence in the 
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Lublin basin, fifteen acritarch speeies have their earliest 

recorded appearance in this assemblage (Fig. 5 ) . Most of 
them were previously known from the Lower Cam brian 

platform sequences in the Polish and U.S.S .R.  sectors of the 

EEP, from Baltoseandia, and the platform and turbiditic 
sequences in Scotland, Greenland, Svalbard and Canada 
(Volkova et al. 1 979; Vidal 1 979b, 1 98 1 b; Downie 1982; 

Moczydl'owska & Vida1 1 986; Knoll & Swett 1 987; Baudet et  

al. 1 989) . Four speeies are unique to Assemblage 3 and 

define an assemblage-zone (Fig. 5 ) . The index taxa com
prise Comasphaeridium agglutinatum Moczydl'owska, C. for

mosum Moczydl'owska, C. velvetum Moczydl'owska and Ptero

spermella velata Moczydl'owska. With the exception of C. 
forrnosum, the speeies are abundant in samples from all 
investigated sections in the Lublin basin. In addition to 
acritarchs, there are rare vend<;>taenids, abundant frag
ments of organic matter, cyanobacterial remains (Pl .  I SA, 
B, F) comparable to those reported from older assem
blages, and the problematic microfossil Ceratophyton ver

nicosum Kirjanov (Pl .  I SE) . 

The third acritarch assemblage constitutes the Asteridium 

tornatum - Comasphaeridium velvetum Assemblage-zone (Fig. 

5) . The name of the zone refers to the abundant occur
rence of Asteridium tornatum (Volkova) comb. nov. and the 
dominance qf Comasphaeridium velvelum Moczydl'owska 

among the index taxa of this zone. The zone embraces the 
Mazowsze Formation (which Aren & Lendzion 1 978 and 
Lendzion 1 983a, b refer to the Platysolenites Zone) and the 
uppermost part of the Wl'odawa Formation (referred to the 
Sabellidites Zone by Aren & Lendzion 1 978 and Lendzion 

1 983a, b) in the rock sequences penetrated by the 

drillholes Lopiennik IG-1 ( at the depth 5302.0-5305.8 m) , 
Parczew IG-1 0 (at the depth 2 157.7-2 1 8 l .0 m) and Kaplo
nosy IG-1 (at the depth 1339 .3-1 342 .5  m) (see Appendices 
10 , 7 and 6) . 

The next succeeding microbial assemblage (Assemblage 
4) shows high taxonomic diversity (Fig. 5 ) . Numerous new 
species that display more complex diagnostic morphologic 
features also appear. The taxa composing this assemblage 
are both diagnostic and widely distributed, and they are 
accompanied by cyanobacterial remains extending from 

underlying strata. The fourth assemblage constitutes the 

Skiagia ornata - Fimbriaglomerella membranaæa Assemblage
zone (Fig. 5 ) . Most speeies of the fourth assemblage have 
their first recorded appearances in this zone but have 
extended ranges into the succeeding zones. Asteridium pal

lidum (Volkova) comb. nov. , and Skiagia pura Moczydl'ow
ska are the index taxa of the zone. However, these speeies 
are very rare, and particularly Skiagia pura is known only 
from the Lublin Slope. 

The genus Skiagia accounts for most of the taxa recorded 

in the fourth assemblage. Most numerous are microfossils 

attributed to Skiagia ornata (Volkova) Downie, S. orbiculare 

(Volkova) Downie and S. compressa (Volkova) Downie. The 

assemblage also includes the acritarchs Fimbriaglomerella 

membranacea (Kirjanov) Moczydl'owska & Vidal , F. minuta 

(Jankauskas) Moczydl'owska & Vidal , Comasphaeridium mol

liculum Moczydl'owska & Vidal , and C. brachyspinosum (Kir

janov) Moczydl'owska & Vidal . These taxa are previously 
known from numerous occurrences elsewhere (Moczy-
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Fig. 5. Sueeession of mierofossil assemblages aeross 
the Upper Vendian and Lower Cambrian in the Lub
lin Slope, southeastern Poland, and proposed lOnal 
subdivision aeeording to recognized acritareh assem
blages. Additional oeeurrenees in time equivalent 
lOnes are indieated by a dashed-line bar for the 
U.S.S.R. ,  and a vertieal-line bar for Scandinavia 
(after Volkova et aL 1 979; Vidal 1981e ;  Eklund 
1 990) . Asterisk indieates oeeurrenee of spe eies in 
the Lublin Slope aecording to Volkova 1969a. 
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dlowska & VidaI 1 988b) . A masi; occurrence of Tasmanites 

bobrowskae Wai.yilska is recorded in rocks embraced by this 
zone. Presurnable cyanobacterial remains and unidentifi

able fragments of organic matter are deeidedly less com

mon than in the preceding zones. Ceratophyton vernicosum 

Kirjanov and rare vendotaenid fragments ranging from the 

older zones are also present. 
The Skiagia ornata - Fimbriaglomerella membranacea Assem

blage-zone embraces the lower part of the Kaplonosy and 

Radzyll formations (Appendices 6-1 0) . Additionally, the 
uppermost part of the Mazowsze Formation in the Lopien
nik lG-1 (at 5 1 92.0-5 1 98.0 m) and Parczew IG-lO (at 
2062.4-2065.0 m) drillcores is referred to this zone (Ap

pendices 1 0  and 7, respectively) . Comasphaeridium mollicu

lum occurs at the discussed interval in the Lopiennik lG-1 

drillcore (Appendices 5 ,  10 ) . This speeies is regarded to 
have its first appearance in the fourth assemblage, recog
nized over the whole Lublin Slope. Thus the uppermost 
part of the Mazowsze Formation in Lopiennik lG-1  be!ongs 

to the Skiagia ornata - Fimbriaglomerella membranacea Assem

blage-zone. An analogous situation is found in coeval strata 
in the Parczew lG-10 drillcore, where Fimbriaglomerella 

minuta occurs at a depth of 2065 .0  m (Appendices 2 ,  7) . 
The fifth microbial assemblage in the Lublin region 

(Appendices 1 -5 ;  Fig. 5) is the taxonomically most diverse. 
The number of new taxa compares with that in the preced
ing assemblage. However, none of the taxa are restricted to 
this assemblage. The acritarchs are accompanied by rare 
unicellular and filamentous cyanobacterial microfossils 
and particulate organic matter. This assemblage defines 
the Heliosphaeridium dissimilare - Skiagia ciliosa Assemblage

zone (Appendices 6-10 ;  Fig. 5 ) . There are twelve acritarch 
species that first appear at this leve!: Heliosphaeridium dis

similare (Volkova) comb. nov. , H. lubomlense (Kirjanov) 
comb. nov. , H. obscurum (Volkova) comb. nov. , H. rad

zynicum (Volkova) comb. nov. , Asteridium spinosum (Vol
kova) comb. nov. , Skiagia ciliosa (Volkova) Downie, Estiastra 

minima Volkova, Goniosphaeridium varium (Volkova) 
Downie, G. implicatum (Fridrichsone) Downie, Multiplici

sphaeridium dendroideum (Jankauskas) Jankauskas & Kir
janov, Pterospermella solida (Volkova) Volkova, and Cymatio

sphaera postii (Jankauskas) Jankauskas. Heliosphaeridium 

dissimilare and Skiagia ciliosa dominate the assemblage and 
are widely distributed. Additionally, the most common spe
eies are S. ornata, S. scottica and Estiastra minima. This zone 
displays the greatest taxonomic diversity and yields the 
largest recorded num ber of acritarchs. This seems to coin
cide with the maximum level in the early Cam brian trans
gression on the EEP (Brangulis et al. 1 98 1 ;  Lendzion 
1 983a) . The Heliosphaeridium dissimilare - Skiagia ciliosa As
semblage-zone embraces the midd le part of the Kaplonosy 

and Radzyll formations (Appendices 6-10) . 

The youngest Lower Cambrian microbial assemblage 
(Assemblage 6; Appendices 1 -5 ;  Fig. 5) includes numerous 

species with ranges extending from the older zones. New 

speeies in the assemblage are Liepaina plana Jankauskas & 
Volkova and Heliosphaeridium notatum (Volkova) comb. 

nov. , species known to range into the Middle Cam brian 

(Volkova et al. 1 979, 1 983) , and Volkovia dentifera (Volkova) 

Downie and Heliosphaeridium longum (Moczydlowska) 
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comb. nov. , which are the index taxa o f  this assemblage 

(Fig. 5 ) . In addition, the assemblage contains all the taxa 
from the immediately preceding assemblage. This makes 

its identification difficult, particularly since Volkovia dentif 

era, Heliosphaeridium longum and H. notatum are generally 
rare. Only a few speeimens of v: dentifera and H. longum 

were recovered from the investigated samples. H. notatum 

was reported by Volkova ( 1 969a, 1 972, 1 973, in Volkova et 

al. 1 979, 1 983) from the Radzyll IG-1 drillcore, but was not 

found in the present material . However, the species was 
also recorded in coeval subsurface strata in Upper Silesia 
penetrated at drillhole Sosnowiec IG-1 (Kowalczewski et al. 

1 984) . 
The sixth assemblage constitutes the Volkovia dentifera 

Liepaina plana Assemblage-zone, embracing the upper part 
of the Kaplonosy and Radzyll forrnations. Volkova ( 1 972, 
1 973) regarded this part of the Lower Cambrian sequence 
in the Radzyll lG-1 drillcore as time equivalent to the 

Protolenus zone. 

The Precambrian-Cambrian 
boundary in the Lublin Slope 

General aspects 

The present investigation com prises numerous fossilifer

ous samples from across the Precambrian-Cambrian 
boundary retrieved at five drilling sites in the Lublin Slope 
(Fig. 3 ) . The recorded frequency of acritarchs is generally 

high (Appendices 1-5) . It seems therefore safe to conclude 
that the obtained microbiotas can be regarded as represen
tative of the Vendian and Lower Cambrian deposits in the 
investigated area. 

The appearance of a rich acritarch assemblage defining 
the Asteridium tornatum - Comasphaeridium velvetum Assem
blage-zone seems independent of lithofacies changes 
within the sampled interval. This is suggested by the fact 
that the assemblage is recorded in several drillcores irre
spective of lithofaeies variations (Appendices 6-1 0) . The 
Leiosphaeridia-dominated assemblage is replaced by the As

teridium tornatum - Comasphaeridium velvetum assemblage 
over a sequence of alternating clayey, silty and sandy rocks 
(Moczydlowska & Vidal 1 986; Moczydlowska 1 988a) . Al
though the presence of a min or break in sedimentation 
cannot be excluded, the lithologically monotonous rock 
sequence bracketing the stepwise radiation of acritarchs 
occurs in what might have been a mono- or polysequential 
stratigraphic horizon embracing the Upper Wlodawa and 
Mazowsze Forrnations. Hence the radiation is always initi
ated with the appearance of a few innovative taxa at the top 

of the Wlodawa Formation, and it continues within the 

Mazowsze Formation where the full spectrum of the Asterid

ium tornatum - Comasphaeridium velvetum assemblage is pres

ent. 

The vertical ranges of acritarch speeies in the investi
gated drillcores coincide, and within the limits of resolu

tion the first appearances of discrete taxa are at the same 

stratigraphic leveis. This could be alternative!y interpreted 
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equivalent zone in the U.S.S.R. ,  according to Keller & Rozanov 1 979b. Open part of range bar for 2 under Fauna and Flora applies to other 
parts of the East European Platform in Poland according to Aren et al. 1 979b. Striped portion of range bar for 5 under Flora refers to time 
equivalent zones in the Orsha Depression in the U.S.S.R. ,  according to Bessonova & Chumakov 1 9 79 .  

as a true and significant radiation event or as a sudden 
influx of eukaryotic plankters in an open-marine environ

ment. The conspicuous change involved in the appearance 
of the acritarch taxa defining the Asteridium tornatum 

Comasphaeridium velvetum Assemblage-zone occurs over a 
stratigraphic interval of variable thickness in the investi
gated drillcores. This reflects variable rates of sedimenta
tion at discrete locations in areas of the shelf on a passive 
platform edge ( Guterch 1 977; Po:i:aryski 1977c; Jaworowski 
1978; Aren et al. 1979b; Znosko 1 984) . In general terms, at 

all investigated drilling sites sediment types and sedimen

tary structures are in agreement with normal relatively 

shallow-marine depositional conditions. Therefore it can 

be inferred that at ail locations the biotic changes observed 

through the Asteridium tornatum- Comasphaeridium velvetum 

Assemblage-zone occurred over a short time span. 

In terms of geologic time, the A. tornatum - C. velvetum 

Zone follows a long period dominated by diverse micro

biotas characterizing the Riphean and Vendian (Volkova 

1 962, 1968, 1973, 1 976, 1981c ,  1 985; Volkova et al. 1979, 
1980, 1983; Rudavskaya 197 1 ,  1 973, 1980; Rudavskaya & 

Frolov 1974; Vidal 1 974, 1976a, b, 1979b, 198 1 a, 1989, 
1990; Vidal & Siedlecka 1983; Vidal & Knoll 1 983; Vidal & 

Ford 1 985; German 1 974, 1981a, b, 1 986; Hofmann 1 976, 

1 985; Jankauskas 1978, 1 979a, b, 1 980a, b, 1 982, 1 989; 
Knoll 1 982a, b ,  1 984; Knoll & Calder 1 983; Knoll & Swett 
1 985, 1 987; Bloeser 1985; Awramik et al. 1 985; Mikhailova 
1 986; Germs et al. 1986; Yin 1 985, 1987; Damassa & Knoll 
1 986; Pyatiletov 1 980, 1 985, 1 988; Pyatiletov & Rudavskaya 
1 985; Zang & Walter 1 989; Baudet et al. 1 989) . This event 
is contemporaneous with other significant events, such as 
the appearance and radiation of a shelly fauna consisting 
of Platysolenites, Onuphionella, Aldanella and Anabarella (Len

dzion 1 983a, b; Fig. 6) , a general change of the ichnofaunal 

assemblages (Paczesna 1 985, 1 986) , and a recorded decline 

among vendotaenids ( Gnilovskaya 1979a; Lendzion 1 983a, 

b ;  Moczydlowska & VidaI 1 986) . 

The first appearance of shelly fauna is observed in the 

upper part of the Wlodawa Formation . This part of the 

sequence was referred to the Sabellidites Zone by Aren & 

Lendzion ( 1 978) and Lendzion ( 1 983a, b) , but here it is 

regarded as part of the Platysolenites antiquissimus Interval

zone (Moczydl'owska & Vidal 1 986; Moczydl'owska 1 988a, 
1 989; Fig. 6) . The first shelly fossiIs consist of possible 

annelid tubes (Yanishevsky 1 926, 1 940; Kirjanov 1 968; Aren 
& Lendzion 1978; Lendzion 1 983b; Sign or & McMenamin 
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1 988) or, alternatively, foraminiferans (Føyn & Glaessner 

1 979; Glaessner 1984) , e.g., Platysolenites antiquissimus Eich

wald, Platysolenites sp. ,  and Onuphionella agglutinata Kirjanov 

(more frequently occurring in the Mazowsze Formation) , 

and the molluscs Aldanella polonica Lendzion [= Aldanella 

attleborensis (Shaler & Foerste ) ] and Anabarella sp. (Aren & 

Lendzion 1 978; Aren et al. 1979b; Lendzion 1 983a, b; Len

dzion & Posti 1 983; Landing 1 988b) . 
Trace fossils from be ds across the Vendian and Lower 

Cambrian in the Lublin Slope are clearly differentiated 

(Paczesna 1 985, 1 986) . The assemblage from the Lublin 
Formation is poor in terms of ichnospecies. Trace fossils in 
the Wl'odawa Formation consist of rare meandering trails 

of low diversity. The trace fossil assemblage from these 

units is regarded as diagnostic of the late Vendian (Pa
czesna 1 986) . The ichnofauna from the MalOwsze Forma
tion is rich and taxonomically more diverse, and it also 
contains ichnospecies considered as Cambrian index taxa 
(Alpert 1977; Crimes & Germs 1 982; Paczesna 1986; Crimes 

1 987; Narbonne et al. 1 987) . 

Vendotaenids are very abundant in the Lublin Forma

tion and less common in the Wl'odawa Formation . They 
have been considered as Vendian and early Cambrian 

index-taxa. Thus, Vendotaenia antiqua Gnilovskaya from the 

Lublin Formation, defining the Vendotaenia Zone, was con

sidered to indicate a late Vendian age , while Tyrasotaenia 

podolica Gnilovskaya and T tungusiea Gnilovskaya ( together 
with Sabellidites cambriensis Yanischevsky) from the Wl'odawa 

Formation (referred to the Sabellidites Zone) were believed 
to indicate an early Cambrian age (Lendzion 1983a, bl . 
However, the stratigraphic range of species of Tyrasotaenia 

(possibly conspecific with Vendotaenia; Vida1 1 989) is more 
comprehensive and overlaps with the range established for 

v: antiqua (Gnilovskaya 1 979a, 1 983, 1 988) . Vendotaenids 

are known to occur in deposits considered to be Upper 
Vendian and Lower Cam brian in the East European and 

Siberian Platforms (Gnilovskaya 1 979a, 1 983, 1988) , but 

my own observations indicate that remains ofvendotaenids 
are also present in trilobite-bearing strata in the Lublin 

Slope . Tyrasotaenia sp. was also found in the Lontova hori

lOn of the EEP within the U.S .S.R. (Bessonova & Chuma

kov 1979) . The Lontova horizon is generally regarded to be 

within the range of the Platysolenites Zone in Poland (Vol
kova 1 973; Aren & Lendzion 1 978; Lendzion 1 983a, b) . 
Thus, having comprehensive and overlapping ranges, ven
dotaenids are stratigraphically valuable for marking late 
Vendian to early Cambrian deposits but not for more de
tailed subdivision. 

Sabelliditids occur in the Wl'odawa ( Sabellidites cambrien

sis) and MalOwsze Formations ( Sabellidites sp . ;  Aren & Len
dzion 1978; Aren et al. 1979b; Lendzion 1983a, b; Fig. 6) . 
The systematic position of these fossils is still uncertain 

(Yanishevsky 1 926, 1 940; Sokolov 1965, 1967, 1 968, 1972; 

Urbanek & Mierzejewska 1 977, 1983; Urbanek 1979) . Sab

elliditids are organic-walled tubular fossils .  As demon

strated by ultrastruetural studies (Urbanek & Mierzejewska 
1 977, 1983) , the fossils consist of organic matter laeking 

mineral components .  

lnsofar as the above palaeobiological events recorded 
around the Sabellidites- Vendotaenia and Platysolenites anti-
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quissimus Zones are real , the emergence of a Palaeozoic

type acritarch assemblage (Moczydl'owska & Vidal 1 986; 

Moczydl'owska 1 988a, 1 989) defining the Asteridium tor

natum - Comasphaeridium velvetum Assemblage-lOne is here 

taken to mark the base of the Cam brian System in the 

Lublin Slope. 

The Precambrian-Cambrian boundary 
reference section 

The drillcore Kaplonosy IG-l is proposed as the reference 
section for the Vendian-Cambrian boundary in the Lublin 
Slope (Moczydl'owska 1 989; Fig. 7 herein) . The Upper 

Vendian and Lower Cambrian beds constitute an appar

ently continuous sedimentary record (Jaworowski 1 978, 
1 980) . The deposits consist of alternating sandstones, silt
stones and shales (Aren & Lendzion 1 978; Juskowiakowa 
1978; Jaworowski 1978; Wichrowska 1 978; Lendzion 

1983a) , and represent a marine transgressive sequence 

over a marginal lOne of the pre-Vendian platform (Jawo

rowski 1 978, 1 980; Aren et al. 1 979b; Lendzion 1 983a) . The 

macroscopic fossil record in the Kaplonosy IG-l section 
according to Lendzion ( 1 972a) , Aren & Lendzion ( 1 978) 

and Gnilovskaya ( 1 979a) is shown in Fig. 7 .  Acritarchs from 

this drilleore were previously reported by Volkova ( 1 969a, 

b, 1973; in Volkova et al. 1 979, 1 983) who identified an 

assemblage including Leiosphaeridia sp. ,  Tasmanites ( ? )  ten

ellus Volkova, Leiomarginata simplex Naumova, Granomargi

nata prima Naumova and G. squamacea Volkova. The micro

biotas recovered from Kaplonosy IG-l in this study are rich 
and taxonomically diverse (Appendices l ,  6) . Almost all 

speeies known from the transitional Vendian-Cambrian 

sequence in the Lublin Slope were recorded (Fig. 6) , the 

only exceptions being Pterospermella vitalis Jankauskas and 
Cymatiosphaera sp. The change in acritarch com pl exit y, 

from the morphologically poorly diversified Vendian-type 
Leiosphaeridia assemblage to the morphologically polyspe
cific Cambrian-type assemblage characterizing the Asterid

ium tornatum - Comasphaeridium velvetum Assem blage-zone, 
is observed at the intervaI 1 346.8-1 339.3 m (Appendices l ,  

6) . The first speeimens of Cambrian age-diagnostic speeies 

( Comasphaeridium agglutinatum Moczydl'owska and Asterid

ium sp. ) occur at the depth of 1 342.5 m, which was the 
suggested level of the Precambrian-Cambrian boundary in 
the Kaplonosy IG-l drilIcore (Moczydl'owska 1 988a, 1 989; 
Appendix 6 ,  Fig. 7) . 

Supplementary comments 

The position of the Pre cam brian-Cam brian boundary in 
Poland established on the acritarch evidence (Fig. 6) is in 

agreement with a previous biostratigraphic suggestion by 

Volkova ( l969a, 1 973; in Aren & Lendzion 1 978) . Volkova 
concluded that deposits referred to the Sabellidites Zone in 
the Radzyn IG-1 drilleore are Precambrian in age (Volkova 

1 969a) and that the acritarch assemblage occurring in the 

interval corresponding to the Sabellidites Zone in the Ra

dzyn IG-l drilleore is ' similar to the Precambrian assemb

lage ' (Volkova 1 973) . In reality, the acritarch assemblage 
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from the Sabellidites Zone does not differ from the older 
assemblages occurring in the Upper Vendian Lublin For
mation in Poland and the time-equivalent Kotlin Forma

tion in the EEP within the U.S .S.R. Previous biostrati

graphie investigations of the Lublin region as a rule did not 
take these conclusions into consideration, but AreD. & Len

dzion ( 1 978) mentioned Volkova's  opinion indicating that 
the acritarch assemblage from the Sabellidites Zone in the 

Lublin region is characteristic of the uppermost Vendian . 
Micrhystridium tornatum Volkova was reported (Volkova 

1969a, 1972, 1 973; Volkova et al. 1 979, 1983; Arei! & Len

dzion 1974b) in deposits older than the Mazowsze Forma

tion ( the latter in a core interval assigned by Arei! & Len

dzion 1978 and referred to the Platysolenites Zone) in the 

RadzyiJ IG-l drillcore . These reports are insufficiently doc-

umented since the num ber of speeimens is contradictory 
and micrographs were never published. Volkova ( 1 969a, p .  

74)  mentioned the occasional occurrence of  Micrhystridium 

cf. tornatum in pre-Mazowsze beds. She reported one spec
imen of Micrhystridium tornatum at the depth of 1 625 .4-

1 630.8 m (in beds of the Vendotaenia Zone) and one addi

tional speeimen at 1 593.9 m ( in beds of the Sabellidites 

Zone; Volkova 1 969a, p. 75) . Hovewer, this is contradicted 

by her own statement that the only occurrence of Micrhy

stridium tornatum is at the depth of 1 5 1 5.8  m within beds 

assigned to the Platysolenites Zone (Volkova 1 969b, p. 229) . 

Additionally, relative estimates of the frequency of acri

tarchs in the Platysolenites Zone in this section given by 

Volkova ( l969a) result in an absolute figure of 2 .3  speci
mens of M. tornatum ( cf. Volkova 1969a, table on p. 75) . 
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Subsequent investigations of the same sequence i n  the 

Radzyll IG-1 drillcore (Volkova 1 972) failed to reve al this 

species. Later, Volkova ( 1 973) and Volkova et al. ( 1979, 

1 983) reported M. tomatum in the Rovno horizon (=Sabelli

dites Zone; then regarded as of Cam brian age) in the Ra
dzyll IG-1 drillcore. This report refers to the above men

tioned single specimen of M. cf. tomatum (Volkova 1 969a) . 

In conclusion , the above information seems to indicate 
that M. tomatum is absent in the Upper Proterozoic of 

Poland. The present study demonstrates that Micrhystrid

ium tomatum Volkova, attributed herein to Asteridium tor

natum (Volkova) comb. nov. , does not occur in rocks older 

than the Mazowsze Formation (as defined by Aren & Len

dzion 1 978 and referred to the Platysolenites Zone) . This 
conclusion is based on the examination of 127  fossiliferous 

samples (out of 197 investigated) through the transitional 

sequence com prising the Bial'opole, Lublin, Wl'odawa and 

Mazowsze Formations (Figs. 2 and 3 ) . 

Vendian and Lower Cambrian 
biostratigraphy in the Lublin 
Slope 

The Upper Vendian and Lower Cambrian strata in the 

pre-Vendian platform in Poland ( the EEP) have been sub
divided into six bio-zones on the basis of trilobites, small 
shelly fossils, ' chitinous' fossils and vendotaenids (Len

dzion 1969a, b,  1972a, b, 1976, 1982,  1 983a, b, 1 986a, b; 

Aren & Lendzion 1974a, b, 1 978, 1 979) . In ascending 

stratigraphic order the following zones were recognized: 

Vendotaenia Zone ( late Vendian in age) , Sabellidites Zone, 
Platysolenites Zone, Mobergella Zone, and Holmia and Pro

tolenus informal zones. The five latter zones were consid
ered to be early Cambrian (Aren & Lendzion 1974a, b,  

1 978; Lendzion 1983a, b) . The Sabellidites, Platysolenites and 

Mobergella Zones were included in the Klimontovian Stage, 
regarded as the lowest part of the Lower Cam brian and 
comprising the so-called ' sub-Holmia' zones (Aren & Len

dzion 1974a, b,  1 978; Aren et al. 1 979; Lendzion 1 983a, bl . 

The Klimontovian Stage was considered to be contempora
neous with the Baltic Stage in the East European Platform 
and the Tommotian Stage in the Siberian Platform (Aren 
& Lendzion 1974a, b, 1 978) . The base of the Sabellidites 

Zone was proposed by Lendzion ( 1983a, b) as the lower 
boundary of the Cam brian System in the EEP in Poland. 

Recent micropalaeontblogic evidence suggests that the 
Sabellidites Zone is late Vendian in age and that the Pre
cambrian-Cambrian boundary could be placed at the base 
of the revised Platysolenites antiquissimus Interval-zone (Mo

czydlowska & Vidal 1 986, 1 988a; Moczydlowska 1988a, 
1 989; see below, Fig. 6) . The stratigraphic status of the 

Mobergella Zone in Poland as a pre-trilobite zone and its 

correlation with the Lower Cambrian sequences in Scandi

navia (Lendzion 1 972b, 1975, 1 976, 1 982, 1983a, b, d, 

1986a, b; Aren & Lendzion 1 974a, 1 978) was questioned by 

Ahlberg et al. ( 1 986) , Moczydlowska & Vidal ( 1 986) and 

Moczydlowska ( 1 988a) . The grounds for that is the co-oc

currence of trilobites and Mobergella in Norway (Bergstrom 

Acritareh biostratigraphy in southeastem Poland 1 9  

1 970, 1 980, 1981 ;  Ahlberg & Bergstrom 1 978; Ahlberg, 

1984) . The biostratigraphic subdivision of the Upper Vend

ian and Lower Cambrian strata in the EEP in Poland (Aren 

& Lendzion 1 974a, 1 978; Aren et al. 1 979; Lendzion 1 983a, 

b; Lendzion in Mens et al. 1 987, 1990) is disputable with 
respect to the recognized ranges of biozones (Moczydl'ow

ska 1988a, 1989; Figs. 6, 8) and the position of the Pre

cambrian-Cambrian boundary (Moczydlowska & Vidal 

1 986, 1 988a; Moczydlowska 1 988a, 1989) . In this paper the 

previous record of macroscopic fossiIs is analyzed and re

lated to micropalaeontological data (Volkova 1 969a, b, 
1973;  Volkova et al. 1 979, 1 983; Moczydlowska 1980, 1981 , 

1988a, 1 989; Moczydlowska & Vidal 1 986, 1 988a, b; Vidal 
1 989) that were not considered in former studies. 

The Vendotaenia Zone has been assumed to embrace the 
range of Vendotaenia antiqua, and it encompasses the Lub

lin Formation (Lendzion 1 983a, bl . The overlying Sabellid

ites Zone is determined by the range of Sabellidites eambrien

sis Yanishevsky. Its lower boundary is delimited by the 
appearance of S. eambriensis in co-occurrence with Tyraso

taenia podoliea Gnilovskaya and T. tungusiea Gnilovskaya 

(Lendzion 1 983b) . In its present definition, the zone com

prises the Wlodawa Formation (Aren & Lendzion 1978; 
Lendzion 1 983a, b) . However, when establishing the 
ranges of the Vendotaenia and Sabellidites Zones (Lendzion 
1 983b) , the additional occurrence of T. podoliea and T. 
tungusiea in the Lublin Formation (Gnilovskaya 1 979a) was 

omitted. This is also the case with the occurrences of Vendo

taenia antiqua and V. sp. in the upper part of the Bial'opole 
Formation (Aren et al. 1979b; Lendzion 1 983b, Fig. 4) . 

Moreover, in other regions Sabellidites eambriensis and Sabel

lidites sp. were reported in strata corresponding to zones 

much younger that the Sabellidites Zone (Aren et al. 1 979c; 

Keller & Rozanov 1 979b; Moczydlowska 1 989; Fig. 6) . 
Vendotaenids ( Vendotaenia sp. )  were observed in rocks 

attributed to the Mazowsze Formation in drillcore Radzyll 
IG-l . This occurrence is in beds substantially younger than 

formerly reported occurrences. This is taken to indicate 
that the stratigraphic range of vendotaenids in the Lublin 
Slope is more comprehensive than previously supposed, 

ranging into strata attributed to the Platysolenites Zone. 

Specimens attributed to Tyrasotaenia sp. were also reported 

from rocks of the Lontova horizon (correlated with the 
Platysolenites Zone by Aren & Lendzion 1 978 and Keller & 
Rozanov 1979b) in the Orsha Depression and in the Mos
cow Syneclise in the U .S.S .R. sector of the EEP (Bessonova 
& Chumakov 1 979) . This is evidently witness of the com pre
hensive stratigraphic ranges of these fossils. These observa
tions are in agreement with the occurrences of vendo
taenids ( Vendotaenia and Tyrasotaenia) in the Upper 
Vendian and Lower Cambrian elsewhere (Gnilovskaya 
1979a, 1 983) . Thus, because of the co-occurrence of T. 
tungusiea and T. podoliea in the Upper Vendian and Lower 
Cambrian (Gnilovskaya 1979a, 1 983) it is difficult to sup

port the ide a that the species ( together with S. eambriensis) 

could define the lower boundary of the Cam brian in the 

Lublin Slope (Lendzion 1 983b) . 
The occurrence of the Sabellidites fauna in deposits youn

ger than those correlated with the Sabellidites Zone ( sensu 

Aren & Lendzion 1 978; Lendzion 1 983a, b) is also known 
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in the other parts of the U.S.S .R. sector of the EEP (Kir
janov 1979a; Bessonova & Piscun 1 979; Bessonova & Chu

makov 1 979; Aren el al. 1979a) . Finds of Sabellidiles sp . in 
Poland were reported from the Mazowsze Formation which 

corresponds to the Plalysoleniles Zone (Aren el al. 1 979b) . 

Hence, Sabellidiles cannot be treated as the index fossil 
(Lendzion 1 983b, p. 673) of the Sabellidiles Zone within the 
lOnal range indicated by Aren & Lendzion ( 1 978) and 

Lendzion ( 1 983a, b; in Mens el al. 1 987, 1990) . The status 
of the Vendolaenia and Sabellidiles Zones seems therefore 
unc1ear and the significance of these taxa as index fossils 
questionable. In this connection it is interesting to note 
that about 20 tubular fragments deriving from specimens 

of S. cambriensis ( ' chitinous' fauna) are the foundation of 

the Sabellidiles Zone in the Lublin Slope, while 21 speci

mens of Aldanella polonica ( shelly fauna) in the uppermost 
part of the Sabellidites Zone in Lopiennik le-l appear to 
have been inexplicably ignored (Ardl & Lendzion 1978; 
Lendzion 1983a, bl . Similarly, li ttle attention was paid to 
the significance of the occurrence of other fossils (Plaly

soleniles anliquissimus, Onuphionella agglulinala, Anabarella 

sp . )  in the upper part of the Sabellidiles Zone (Fig. 6) (cf. 
Lendzion 1983b) . 

Here, a combination of both lOnes into the Sabellidiles

Vendolaenia In terval-lOne is proposed (Figs. 6, 8) . This 

biostratigraphic unit has previously been referred to as a 
super-lOne (Moczydtowska & Vidal 1 986) or lOne (Moczy
dtowska & Vidal 1988a and Moczydtowska 1 989) . In the 

Lublin Slope the Sabellidile!r Vendolaenia Interval-lOne is 

herein proposed to embrace rocks of the Lublin and Wto
dawa Formations, except for the uppermost part of the 

latter unit (Figs. 6, 8) . The lower range of the lOne can be 

extended to the upper part of the Biatopole Formation 
where the occurrence of vendotaenids was recorded (Aren 

el al. 1979b; Lendzion 1983b, p. 674) . However, the name 

of the drillcore and the depth of the occurrence were not 

provided and it is therefore impossible to be more precise 

con cern ing the basal boundary of the lOne (Moczydtowska 

1 989; Fig. 6) . The upper boundary of the lOne is delimited 
by the appearance of Plalysoleniles, a typical taxon of the 

succeeding lOne (Moczydtowska 1 989; Fig. 6) . The Sabellid

iles- Vendolaenia Interval-lOne is characterized by the occur
rence of ' chitinous' sabelliditids (Sokolov 1 965, 1969 , 1 972;  
Urbanek & Mierzejewska 1 977, 1 983; Urbanek 1979) and 

vendotaenids (Gnilovskaya 1971 , 1974, 1979a, bl , but the 
typical taxa of the lOne range above its upper boundary 

(Fig. 6) . The microfossils occurring in the lOne belong to 
the second assemblage , which yielded only Leiosphaeridia 

sp. and cyanobacterial microfossils (Moczydl'owska 1 989; 

Figs . 6, 8) . Thus, the Sabellidite!r Vendotaenia Interval-lOne is 

considered to constitute the uppermost zone of the Vend
ian in the Lublin Slope (Moczydl'owska & Vidal 1 986, 
1 988a; Moczydl'owska 1 988a, 1 989) . 

The succeeding Platysolenites Zone was recognized over 
the entire EEP in Poland (Aren & Lendzion 1 978; Len
dzion 1 983a, b; Mens el al. 1 987, 1 990) . Plalysolenites anti

quissimus Eichwald was regarded as an index taxon (Len
dzion 1 983a, p .  9 ) , but its occurrence range is wider than 
the range of the lOne (Aren & Lendzion 1 978; Bergstrom 

1981 ;  Lendzion 1983a, b; Mens et al. 1987, 1 990) . The zone 

was defined as an acme-lOne (Lendzion 1 983b) . The hith

erta defined range of the Plalysolenites Zone is controversial 

and it appears difficult to regard it as an acme-lOne because 

'numerous specimens occur in the Platysolenites Zone and a 

few occur in the upper part of the Sabellidites Zone ' (Aren 

& Lendzion 1 978; Lendzion 1 983a, bl . Furthermore , there 

is no exact information about the quantitative distribution 

of the species, and the only documented numerical data 

concerning the occurrence of P. antiquissimus refer to 3 1  
specimens i n  beds attributed to the Platysolenites Zone in 
four drilIcores at four different levels (Lendzion 1 972a, b) . 

Thus, this ' acme-zone ' encompasses a variable rock thick-
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ness which in the various drillcores ranges from 45 to 

1 23 m ( Lendzion 1983a) in the EEP in Poland (Fig. l ) .  

Here, an extended range of the Platysolenites Zone ( sensu 

Aren & Lendzion 1978; Lendzion 1983a, b; Mens et al. 1987, 

1 990) is proposed reaching down to the level of the first 
appearance of Platysolenites antiquissimus or Platysolenites sp. 
(Moczydlowska 1989) . In its present definition the zone 
includes rocks previously attributed to the upper part of 
the Sabellidites Zone ( sensu Aren & Lendzion 1978; Len

dzion 1 983a, b; Mens et al. 1987, 1 990) . The formal name 

Platysolenites antiquissimus lnterval-zone (Figs. 6, 8) is here 
selected in favour of the former Platysolenites Zone. 

The general concept was that the top of the Platysolenites 

Zone in Poland coincided with the base of the next suc
ceeding ZOne delimited by the range of the Mobergella fauna 

(Lendzion 1972b, 1976, 1982, 1983a, b, d; Aren & Lendzion 
1974a, 1978) . The upper range of the Platysolenites Zone in 
Scandinavia is marked by the appearance of a trilobite 

fauna (Holmia cf. mobergi) more or less contemporaneous 
with Mobergella and Platysolenites (Skjeseth 1963; Ahlberg & 

Bergstrom 1978; Bergstrom 1981 ;  Ahlberg 1984; Ahlberg et 

al. 1 986) . The Mobergella Zone in Poland was originally 

recognized below the Holmia zone (Fig. 8) in the Baltic 
Syneclise and the Podlasie Depression (Fig. l ) .  The lack of 
finds of the Mobergella fauna in the Lublin Slope was attrib
uted to the existence of a supposed hiatus (Aren & Len

dzion 1978; Lendzion 1983a, b; Lendzion in Mens et al. 

1 987, 1 990) in a sedimentologically continuous sequence 

(Jaworowski 1 978, 1980) . Micropalaeontologic investiga
tions indicate the complete nature of the sedimentation 
record of the sequence throughout the Lower Cambrian in 
the Lublin Slope (Moczydlowska & Vidal 1 986) . Here, the 
acritarch assemblage deriving from the sequence above the 

rocks of the Platysolenites Zone and referred to the lower 

part of the Holmia zone sensu Aren & Lendzion 1978 and 
Lendzion 1 983a, b ( i .e .  Assemblage 4, Fig. 8) is comparable 
to the Scandinavian assemblage occurring in deposits re

ferred to the Schmidtiellus mickwitzi Zone (Vidal 1981b ,  c ;  
Bergstrom 1 98 1 ;  Ahlberg et  al. 1 986; Moczydlowska & Vidal 
1 986) . Strata containing the Mobergella fauna in Scandina
via yielded an acritarch assemblage which does not differ 

from the as�emblage recovered from the Holmia kje

rulfi/ Holmia inusitata Zones (Vida1 1981 b, c ;  Moczydlowska 
& Vidal 1 986; Hagenfeldt 1 989a; Vidal & Nystuen 1991 ) .  
The acritarch assemblage in rocks belonging to the Moberg

ella Zone in the Koscierzyna lG-l and Prabuty IG-l drili
cores in the Baltic Syneclise (Jankauskas in Volkova et al. 

1 979, 1983; Moczydlowska, unpublished data) and in the 
Okuniew IG-l drillcore in the Podlasie Depression (Moczy
dlowska 1 980, 198 1 )  com prises species having stratigraphic 
ranges corresponding to the Schmidtieltus mickwitzi and Hol

mia kjerulfi Zones. In any event, the beds with Mobergella are 
coeval with trilobite-bearing strata elsewhere. 

As mentioned above , a hiatus was inferred to occupy the 

span of the Mobergella Zone in the Lublin Slope, presum

ably as the result of epeirogenic movements (Lendzion 
1983a, bl . The hiatus was thus inferred from the negative 

evidence provided by the absence of the Mobergella fauna. 

Subsequently, without forwarding any additional evidence, 

Lendzion ( 1 986b) proposed the recognition of the Moberg-
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elta Zone also in the Lublin Slope. However, the poorly 

recognized stratigraphic range of the Mobergella fauna 
(Bergstrom 1 970; Ahlberg et al. 1 986; Moczydl'owska & 

Vidal 1986; Moczydl'owska 1 988a) and its limited geo

graphic distribution (probably because of facies control ;  
Bergstrom 1970, 1 98 1 ;  Martinsson 1974; Stanley 1 976; 

Bengtson 1977; Landing et al. 1 980; Jaworowski 1980; 
Nowlan et al .  1985) seem to constitute unsuitable features 
for establishing the range of a biozone.  

The Klimontovian Stage, as defined comprising strata 

referred to the pre-trilobite Cambrian in Poland (Aren & 
Lendzion 1 974a, b, 1978; Lendzion 1975, 1 976, 1977, 1982,  
1983a, b, d) , should be rejected. This is because the Moberg

elta Zone is proven contemporaneous with or younger than 
the Schmidtiellus mickwitzi Zone in Scandinavia and its cor

relative in Poland, and because the Sabellidites Zone is 
Vendian in age (Bergstrom 1970, 1 98 1 ;  Ahlberg et al. 1986; 
Moczydl'owska & Vida1 1986, 1 988a; Moczydlowska 1988a, 

1989) . 
Strata immediately overlying beds formerly attributed to 

the 'Klimontovian Stage' were referred to the Holmia and 

Protolenus zones on the basis of trilobite faunas (Lendzion 
1 969a, b, 1972a, 1 983a, b; Aren & Lendzion 1978) . How
ever, the ranges of index taxa defining the zones were 
never clearly delimited. The ranges of these zones in the 

Lublin Slope are poorly documented and the data are 
contradictory as the only drilIcores ever taken into consid
eration are Kaplonosy IG-l and Radzyn lG-l (cf. Lendzion 
1 969a, b, 1 972a; Aren & Lendzion 1 978) . 

The Holmia Zone was 'preliminarily' subdivided into the 
Schmidtieltus and Strenuaeva subzones (Lendzion 1983b) . 
However, there is no satisfactory information as to which 
part of the rock sequence (formation and depth) is re

ferred to the discrete subzones. Moreover, deposits attrib

uted to the Schmidtiellus subzone (e .g .  Kaplonosy forma
tion, Lendzion 1 983a, b) were correlated with the Holmia 

inusitata Zone in Scandinavia (Mens et al. 1987, p. 1 1 8 ,  
1990, chart) . Consequently, the Schmidtiellus subzone in 
Poland was regarded by Lendzion ( in Mens e t  al. 1987, p .  
1 1 8, 1 990, chart) as  younger than the Schmidtiellus Zone in  
Scandinavia. Even more controversial are the data concern

ing the ranges of zones within the discrete formations in 
the Lublin Slope. Thus, substantial differences in attribu
tion appear even within the same paper (cf. Mens et al. 
1987, 1 990) . For example , it is stated that the Kaplonosy 
formation ( lower part of the Holmia zone; Lendzion 1 983a, 
b) at present is attributed to the Rusophycus parallelum, 

Mobergella & Schmidtiellus mickwitzi and Holmia inusitata 

Zones (Mens et al. 1987, pp. 50-5 1 and 1 990, p. 28) . How
ever, in the correlation table (Mens et al. 1 987, p. 1 1 8,  and 
chart) the Kaplonosy formation is shown as corresponding 

to the Holmia inusitata Zone alone ,  while the Rusophycus 

and Mobergella & Schmidtiellus Zones are shown as missing 
due to the previously discussed hypothetical hiatus in the 

sequence. Subsequently, the Radzyn formation (up per part 

of Holmia zone and Protolenus zone, Lendzion 1 983a, b) was 

referred to the Holmia kjerulfi and Proampyx linnarssoni 

Zones (Mens et al. 1 987, pp. 74-75 and 1 990, p. 42) , while 

in the correlation table in the same papers (Mens et al. 

1987, p .  1 1 8 and chart) the upper part of the Radzyn 
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formation (=Protolenus zone , Lendzion 1 983a, b) is shown 
as missing due to a hiatus that is supposed to comprise the 
succeeding Proampyx linnarssoni Zone. Hence , the Prl}

tolenus zone in Poland could be younger than the Proampyx 

linnarssoni Zone in Sweden. Nevertheless, it was also men
tioned that the Proampyx linnarssoni Zone corresponds to 

the lower part of the Protolenus zone in Poland (Mens et al. 

1987, p. 2 1 ,  and 1990) . 
Fossils supposedly defining the Protolenus zone in the 

subsurface of the platform in Poland were only identified 
at the generic level (Lendzion 1983a, b) . Hence, the zone 

is established on uncertain grounds. Similarly to the Holmia 

zone (with its subzones Schmidtiellus and Strenuaeva) , the 
Protolenus zone is not formally established. 

Presently, three acritarch-based assemblage-zones are 
distinguished (Assemblages 4-6; Fig. 8) for the part of the 

Lower Cambrian sequence that was previously referred to 

the Holmia ( Schmidtiellus+Strenuaeva) and Protolenus zones 

(Lendzion 1 983a, b) . The co-occurrence of acritarch as
semblages with a macrofauna defining trilobite zones in 
the platform area of Poland and in Scandinavia (Moczy

dlowska & Vidal 1 986, 1 988a; Moczydlowska 1989 ; see 
' Correlation of the Lower Cambrian ' ;  Fig. 8)  seems to 
indicate that the range of the Skiagia ornata -

Fimbriaglomerella membranacea Assemblage-zone corre
sponds to the Schmidtiellus mickwitzi Zone in Scandinavia. 
Schmidtiellus mickwitziwas never found in Poland, and there
fore the zone cannot be recognized. Accordingly, the strata 
in Poland here referred to as the S. ornata - F. membranacea 

Assemblage-zone are also regarded as time-equivalent to 

the Schmidtiellus mickwitzi Zone (Figs. 8, 1 0, 1 1 ) .  Only 
Schmidtiellus sp. was reported in the drilIcore Siedliska IG-l 
( at a depth of 2835.0 m) in the Lublin Slope, and 
?Schmidtiellus sp. from drilIcore Wyszk6w IG-l (at a depth of 
2 1 1 5 .2  m) in the Podlasie Depression (Aren & Lendzion 
1978, 1979) . The range of Schmidtiellus sp. in these are as is 
below the lowest recognized range of Holmia kjerulfi (Lin

narsson) (Lendzion 1983b) . However, acritarch assem
blages comparable to the Skiagia ornata - Fimbriaglomerella 

membranacea assemblage were recovered from the Norre
torp Formation (Vidal 1981 b, 1 985) , a unit that yielded the 
index fossil defining the Schmidtiellus mickwitzi Zone in 
Sweden (Bergstrom 1 973, 1981 ; Ahlberg 1984; Ahlberg et 

al. 1986) , and in the Liikati Formation in Estonia (Volkova 
1 968; Volkova et al. 1 979, 1983) which also yielded Schmidt

iellus mickwitzi (Schmidt) (Schmidt 1 888, 1 889; Bergstrom, 
1973; Mens & Pirrus 1977, 1979) . 

The range of the Heliosphaeridium dissimilare - Skiagia 

ciliosa Assemblage-zone corresponds to the Holmia kjerulfi 

Assemblage-zone (Fig. 8) . The latter zone is proposed also 
to embrace the Holmia inusitata Zone as defined in Sweden 

(Bergstrom 198 1 ;  Ahlberg et al. 1986; Moczydlowska 1989; 
see 'Acritarch-based correlation of the Lower Cambrian ' ;  

Fig. 1 1 ) .  

The youngest acritarch zone recognized in the Lublin 

area is the Volkovia dentifera - Liepaina plana Assemblage

zone that is contemporaneous with the Protolenus zone (Fig. 
8) . 
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Acritarch-based correlation of 
the Precambrian-Cambrian 
boundary 

Preface 

Intense investigation aiming at establishing the Pre cam br
ian-Cambrian boundary has been undertaken during the 
last 1 0-15 years. Research efforts have been focused on the 

evolution and recorded changes of the organic world (Bra

sier 1 979, 1 985, 1 986, 1 989; Cowie 1 98 1 ,  1 985; Cloud & 
Glaessner 1982;  Vidal & Knoll 1 982; Glaessner 1984; Luo et 

al. 1984; Rozanov 1984a; Conway Morris 1 987b; Crimes 

1 987; Fedonkin 1 987; McMenamin 1 987; Narbonne et al. 

1 987; Landing et al. 1989; Qian & Bengtson 1 989; see Cowie 

& Brasier 1989 for a recent review) . For this purpose, 
various groups of fossils have been considered as possible 
indicators of the boundary on the basis of observable biotic 
events. It is on ly recently that palaeoenvironmental global 
changes affecting the Earth 's  oceanic and atmospheric 
chemistry were considered as possible markers to define 
and correlate the Precambrian-Cambrian boundary 
(Towe 1 98 1 ;  Hayes et al. 1983;  Schidlowski et al. 1 983; 
Valentine 1 984; Walker 1984; Knoll et  al. 1986; Magaritz el 

al. 1986; Tucker 1986; Kasting 1987; Schidlowski 1 987, 
1988; Cloud 1 988) . 

Among the groups of fossils considered, particular atten
tion was paid to trilobites, small shelly fossiIs, and trace 

fossils. At various stages in the investigation of Precambr

ian-Cambrian boundary strata, either of these gro ups of 
fossils was regarded as the 'best of the choice ' tool for 
recognizing this boundary. Traditionally, the zonation of 
the Lower Cam brian was based on available ( if only scarce) 
trilobite faunas (Hutchinson 1 962; Sdzuy 1 972,  1978; Or

lowski 1974, 1 985; Ahlberg & Bergstrom 1 978; Nelson 
1 978; Bergstrom 198 1 ;  Egorova et al. 1 983; Lendzion 

1 983b; Ahlberg et al. 1 986) , small shelly fossils (Rozanov & 

Missarzhevsky 1 966; Rozanov et al. 1 969; Bengtson 1 977; 
Bengtson & Fletcher 1 983;  Grigoreva 1 984; Lendzion 
1 983b; Bengtson & Conway Morris 1 984; Glaessner 1 984; 
Luo et al. 1 984; Nowlan et al. 1 985; Orlowski 1 987; Landing 
1 988b; Landing et al. 1 989; Qian & Bengtson 1 989) and, 
more recently, trace fossils (Fedonkin 1977, 1981 ,  1 983,  
1 985; Alpert 1 977; Palij et  al. 1 983; Crimes & Anderson 
1 985; Fritz & Crimes 1 985; Nowlan et al. 1 985; Crimes 1 987, 
1 988; Narbonne et al. 1987; Narbonne & Myrow 1 988) . 

However, perhaps having pelagic larval stages, in their 
occurrence as fossils these groups of organisms are in all 

instances restricted to rocks suggesting shallow marine 

depositional environments. The latter feature possibly 
ad ds to their proven inherent disadvantages for global 

biostratigraphy. 

The scarcity or absence of trilobites in lowermost Cam
brian strata has resulted in insurmountable difficulties for 

the definition and regional correlation of the Precambr

ian-Cambrian boundary. Additionally, trilobites, small 

shelly fossiIs and trace fossils are dependent on such factors 

as provincialism, endemism, facies control, long strati
graphic ranges and ( like many other groups of fossils) 
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taxonomic inconsistencies (Banks 1970; Stanley 1 976; Lan
ding et al. 1980; Luo 1984; Bergstrom & Gee 1 985; Jiang 
1 985; Mount & Signor 1 985; Theokritoff 1 985; Narbonne 

et al. 1987; Conway Morris 1 988; Fedonkin 1 988; Landing 

1 988a, b, 1 989; Landing et al. 1 988, 1 989; Qian & Bengtson 
1 989; Cowie & Brasier 1989) . These facts hamper their 
utilization as biostratigraphic markers. 

Major progress has been achieved during recent years in 

the investigation of microfossils of encysted plant protists 
(Volkova el al. 1 979; Eisenack et al. 1 973, 1 976, 1979a, b; 

Vidal 1 976a, 1981a, b; Tappan 1 980; Vidal & Knoll 1 982, 
1 983; Downie 1 982; Knoll 1 982a, b, 1 984; Knoll & Swett 

1 987; Martin & Dean 1 98 1 ,  1 988; Welsch 1 984, 1 986; Jan
kauskas 1 989) . At the present stage of knowledge, it ap
pears that acritarchs offer a viable alternative to ' estab

lished' groups of fossils as correlation too\. This is mainly 
because their motile stages were largely planktic and dis
tributed in a wide variety of depositional settings. Numer
ous studies have thus dealt with the possible relationship 

between groups of taxa (assemblages) and sedimentary 

facies (Staplin 1961 ; Vidal 1976a; Nautiyal 1976, 1 977; 
Jacobson 1 979; Dorning 1 98 1 ;  Al-Ameri 1 983; Moczydlow

ska & Vidal 1 986; McClure 1 988; Vidal & Nystuen, 1 990, 
1991 ) .  

As is the case with many other groups of microfossils, 
acritarchs can be generally recovered in substantial num
bers. Typically, fossiliferous samples may yield hundreds or 

even thousands of specimens of any particular taxon. Ad
mittedly, some taxa are usually rare and can only be 
counted in much smaller numbers. But mostly there is 
some occurrence where disc re te form-taxa are compara

tively well defined through the study of large, representa
tive populations. The application of the study of fossil 

phytoplankton to solve major stratigraphic problems has 

gained a strong foothold in the investigation of Phan
erozoic strata (Gray & Boucot 1 972; Martin 1 982; Thierst
ein 1 982; Hultberg 1 986; Yin 1 986; Brinkhuis & Leereveid 

1988; Brinkhuis & Zachariase 1 988; Brinkhuis et al. 1988; 
Gray 1988; Whelan 1 988) . Microfossils of algal protists 

(acritarchs and cyanobacteria) were primarily used in the 
biozonation of the terminal Proterozoic and Lower Cam

brian units in the EEP in the U .S .S .R. (Volkova 1 973, 1 985; 

Volkova et al. 1979, 1 983; Aren el al. 1979a; Bessonova & 
Chumakov 1 979; Bessonova & Piscun 1979; Mens & Pirrus 
1 979; Kirjanov 1 979; Velikanov 1979) . 

Recent revisions based on technical improvements have 
verified and greatly corrected the initial quality of acritarch 
data. At the present stage of knowledge it  appears that 
improved levels of palaeobiological inquiry have opened 
the possibility for interregional biostratigraphy and corre
lation. However, spurious data are still contributing to 

widespread misconceptions. These derive from improper 

taxonomic assignations which have led to erroneous con
clusions (Knoll & Butterfield 1 989; Vida1 1 990; Vidal & 

Nystuen 1990) . In some cases diagnostically ornamented 

acritarch taxa in Proterozoic strata were erroneously attrib

uted to Palaeozoic genera (Pyatiletov 1976, 1986, 1 988; 

Volkova et al. 1 980; Luo et al. 1984; Awramik et al.  1985; 

Pyatiletov & Rudavskaya 1 985; Yin 1 985, 1987; Wang 1 985; 

Zang 1 988a, b ;  Zang & Walter 1 989;Jankauskas 1 989) . This 
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opened the door to  misconception and l ed  to  supposed 

diachronous occurrences of certain taxa (Pyatiletov 1 976, 
1986; Pyatiletov in Volkova el al. 1 980; Khomentovsky 1 984, 

1 986; Brasier 1 989) . 

The very abundant and comprehensive acritarch records 
deriving from various locations within the EEP (Volkova 
1962, 1964, 1 965, 1 968, 1 973, 1 974a, b, 1 976, 1981a, b, c ,  

1 985; Volkova e t  al. 1 979, 1 983; Waiyilska 1 967; Kirjanov 
1 968, 1974; Fridrichsone 1971 ; Umnova & Vanderflit 1 971 ; 

Jankauskas 1972,  1974, 1 975, 1976; Jankauskas & Posti 

1976; PaskeviCiene 1 980, 1 986; Moczydlowska 1 98 1 ,  1 988a, 
1 989; Moczydlowska & Vida1 1 986, 1 988b) and the North

Atlantic region (Vanguestaine 1 967, 1 970, 1 978; Vidal 
1979b, 1 98 1 a, b, c ,  1 985; Vidal & Dawes 1 980; Vidal & Knoll 
1983; Vidal & Siedlecka 1 983; Vidal & Peel 1 984; Vidal & 
Ford 1 985; Gardiner & Vanguestaine 1 9 7 1 ;  Potter 1974; 
Downie 1 974, 1 982; Knoll 1 982a, b, 1 984; Knoll & Swett 
1 985, 1987; Martin & Dean 1983; Moczydlowska & Vidal 
1986; Germs et al. 1986; Baudet el al. 1 989; Palacios Med
ran o 1 989; Vidal & Nystuen 1990, 1991 ) ,  China (Yin 1 980, 
1983, 1 985, 1 987; Awramik et al. 1 985; Wang 1 985; Wang & 
Chen 1987; Zang 1 988b) , Australia (Zang 1 988b; Zang & 

Walter 1 989) , Maly Karatau in Kazakhstan (Ogurtsova 

1985) and the Si be ri an Platform (Volkova el al. 1 980; Ru
davskaya 1 980; Volkova 1981c ;  Faizulina el al. 1982; Rudav
skaya & Vassileva 1 984; Pyatiletov & Rudavskaya 1 985; Pyati
letov 1 988; Jankauskas 1 989) provide abundant evidence 
for attempting to define the Precambrian-Cambrian 
boundary on the basis of acritarchs. This has been success
fully accomplished concerning the vast area of the EEP, 
Baltoscandia, Greenland and Svalbard, and it may also 
apply to Siberia, Newfoundland and China. From the point 
ofview of stratigraphic completeness, continuity and co-oc
currence of microphytoplankton with other groups of fos

sils, the Lake Mjøsa region in southern Norway and Finn
mark in northern Norway are prornising for a precise 
recognition of the Precambrian-Cambrian boundary. 

The Lublin sequence offers a continuous siliciclastic 
shelf succession accumulated on a passive platform margin 

and has yielded a continuous record of microfossils accom
panied by small shelly fossiIs, trilobites and trace fossiIs. 

This has resulted in a well documented acritarch-based 

boundary ( Moczydlowska & Vida1 1986, 1 988a; Moczydlow

ska 1988a, 1989) . Ongoing studies of stable isotopes and 
isotopic dating of volcanic rocks below the transitional 
Vendian-Cambrian sequence in the Lublin Slope may add 

further detail to this sequence. Nevertheless, despite obvi
ous advantages, the Pre cam brian-Cam brian sequence on 
the Lublin Slope is a subsurface sequence and this prevents 
it from being considered as other than a supplementary 
reference section for the Pre cam brian-Cam brian bound-

ary. 

The East European Platform 

The first biostratigraphic subdivision of the Upper Pro

terozoic and Lower Cam brian based on organic-walled 
microfossils was elaborated for the western part of the EEP 

in the U.S .S.R. (Volkova 1 973; Volkova et al. 1979, 1 983;  Fig. 

9) . The transitional Vendian-Cambrian deposits were thus 
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Fig. 9. Simplified tectonic framework of the East European Platform and the Baltoscandian Platform showing regions with the late Vendian 
and Cam brian deposits yielding age-diagnostic acritarch assemblages. The East European Platform tectonic units: 1 - Baltie Syneclise . 2 -
Mazury-Byelorussia Anteclise . 3 - Podlasie-Brest Depression. 4 - Lukow-Wisznice Horst. 5 - Lublin Slope of Platform. 6 - Volhynian-Podol
ian Slope of Platform. 7 - Orsha Depression. 8 - Moscow Syneclise. 9 - southern slope of the Fennoscandian Shield. Regions within the 
Baltoscandian Platform: B - Bornholm. G - Gotland. L - Laisvall. M - Lake Mjøsa area. N - Narke. O - Ostergiitland. S - Scania. T - Lake 
Tornetrask area. V - Vastergiitland. O - Oland. Tectonic units compiled according to Poiaryski 1977a, Keller & Rozanov 1 979b, Gee & Srurt 
1985. 

subdivided into stratigraphic units (horizons) . In Soviet 
usage the term horizon (Russian gorizont) embraces differ
ent categories of geologic units: bio-, litho-, and chro
nostratigraphic. Thus, for example,  according to Keller & 
Rozanov ( 1 979b) the term horizon carries the alternative 
meaning of zone (p .  221 ) ,  formation (p.  155)  or stage (p .  
2 13 ) . Lately, the term 'horizon'  was used as  a ' regional 
stage ' (Mens et al. 1 987, 1 990) . In such a confusing situa
tion, the term 'horizon ' in the present paper will be exclu

sively applied to the biostratigraphic units in the U.S.S .R. 

(Fig. 10 ) . Horizons were established on the basis of the 

stratigraphic ranges of individual diagnostic acritarch taxa 
and groupings of taxa called assemblages (Volkova 1973; 
Volkova et  al. 1 979, 1 983) . The Lower Cambrian was di

vided into five biozones ( 'horizons' )  (Fig. 10 ) , in ascending 
order the Rovno,  Lontova, Talsy (=Liikati ) , Vergale and 

Rausve 'horizons' (Volkova et al. 1979, 1983) . 

The age of the Rovno horizon was the subject of much 

discussion, being alternatively regarded as early Cambrian 

(Volkova et al. 1 979, 1983; Keller & Rozanov 1 979a, b, 1 980; 
Velikanov et al .  1 983; Makhnach et al .  1986; Mens & Pirrus 
1986; PaskeviCiene 1 986; Mens et al. 1 990) or late Precambr-

ian, i .e .  Vendian in age (Sokolov 1 974; Rozanov & Sokolov 
1 980, 1 982; Sokolov & Ivanovsky 1985; Sokolov & Fedonkin 
1 985; Volkova 1 985) . Consequently, the age attributed to 
the Rovno horizon has played a very significant role con
cern ing the position of the Precambrian-Cambrian bound
ary, alternatively placed at the base or top of the horizon. 
Criteria for bracketing the relative age of the Rovno hori
zon were the occurrences of a shelly fauna, soft-bodied 
metazoans, trace fossils, acritarchs and vendotaenids (Vol

kova 1968, 1973, 1974, 1985; Fedonkin 1 976, 1 977, 1 980a, 

1 983, 1 985; Mens & Pirrus 1 979, 1986; Luchinina et al. 

1 978; Gnilovskaya 1979a, 1 985; Keller & Rozanov 1 979a, b; 
Palij et al. 1 983; Volkova et al .  1 979, 1 983;  Rozanov & 

Sokolov 1982; Sokolov & Ivanovsky 1985; Sokolov & Fedon

kin 1985) . 
Sabelliditids occurring in the Rovno horizon have been 

regarded as of prime importance and believed to mark the 

base of the Cam brian (Kirjanov 1 968, 1 969, 1 979a; Aren et 
\ 

al. 1 979c; Keller 1 982) . They have generally been treated 

as shelly fossils, although they lack mineralized skeietal 
components and are built exclusively of organic com

pounds (Sokolov 1 965, 1 967, 1 972;  Urbanek & Mierzejew-
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ska 1 977, 1983; Urbanek 1979) . Over much of the EEP, 

sabeUiditids occur for the first time in rocks of the Rovno 
Formation (stratotype for the Rovno horizon) where they 

are particularly abundant (KeUer & Rozanov 1 979b) . But 

sabeUiditids are by no means restricted to the Rovno hori
zon and range weU into younger units (Kirjanov 1979a; 
Bessonova & Piscun 1979; Bessonova & Chumakov 1 979; 
Aren et al. 1979a, c ;  Sokolov 1 985) . 

Shelly (although agglutinated) fossils belonging to the 
genus Platysolenites appear in the upper part of the Rovno 
horizon and are more numerous and diversified in youn
ger strata (Kirjanov 1 968, 1 979a; Posti 1 978; Mens & Pirrus 
1979; Rozanov 1 979, 1 983; Sokolov 1 985) . The assemblage 

of soft-bodied metazoans, trace fossils and vendotaenids 

recorded in the Rovno horizon does not significantly differ 

from underlying strata attributed to Vendian zones (Soko

lov & Ivanovsky 1 985; Sokolov & Fedonkin 1 985) . 

Among biostratigraphically significant microfossils re
ported from the transitional Vendian-Cambrian sequence, 
the oldest were attributed to Micrhystridium tomatum Vol

kova (here transferred to Asteridium tomatum (Volkova) 

comb. nov. ) . The microfossils were described from the 
Vendian Kotlin FOrrIption that underlies the Rovno For

mation (Volkova et al. 1 979, 1 983) . The occurrence of the 
species in the Kotlin Formation must be considered as very 

rare since it is restricted to a single locality in the Redkino 
drilleore in the Moscow Syneclise (Volkova 1 968, 1 969b, 
1973; Volkova et al. 1 979, 1 983) . However, the number of 
recovered speeimens and the detailed stratigraphic posi
tion within the sequence was never mentioned, and micro
graphs of the fossils were never published. The occurrence 
of Asteridium tomatum in the late Vendian Lublin and Wl"o
dawa Formations in Poland could not be confirmed by the 
present study. The single poorly documented occurrence 

in the Proterozoic of the EEP thus seems questionable .  

Additional microfossils in the Kotlin Formation consist 
of Ambiguaspora parvula Volkova, Leiosphaeridia sp. and frag
ments of undetermined cyanobacterial filaments and of 

forms attributed to Oscillatorites sp. (Volkova et al. 1 979, 
1 983) , aU lacking biostratigraphic significance. 

Rocks attributed to the stratigraphicaUy succeeding Rov

no horizon were reported to yield leiosphaerid acritarchs 
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of various speeies, e .g.  Leiosphaeridia bicrura Jankauskas, L. 

pylomifera PaskeviCiene and L. dehisca PaskeviCiene. The two 
latter species were regarded as restricted to the horizon 
(Volkova et al. 1979, 1 983) . However, these fossils lack 
diagnostic features justitying their assignation to separate 
taxa ( see 'Palaeontological descriptions' ) .  In fact, compar

ison of speeimens of Leiosphaeridia from the Kotlin Forma

tion (Volkova et al. 1 979, Pl. 35-37) , Rovno horizon (Vol
kova et al. 1979, Pl. 1 3 ,  3 1 )  and Lower and Middle 
Cambrian horizons (Lontova - Kibartai; Volkova et al. 

1 979, Pl. 34) meets overwhelming difficulties since no reli
able diagnostic features can be observed. Observable fea
tures differing between the specimens are in all instances 
related to the state of preservation. This may as well apply 
to various claimed mechanisms of excystment (Vavrdova 
1976) which may seem readily explainable in terms of 
different patterns of post-depositional compression. 
Strongly corroded speeimens of Leiosphaeridia spp. occur in 

the Kotlin Formation while better preservation character
izes younger horizons (cf. Volkova et al. 1 979, 1 983) . This 
feature only reflects substantial differences in post-deposi
tional palaeoenvironmental conditions (Germs et al. 1986) . 
The spee imens attri buted to L. bicrura and L. dehisca display 
excystment by median split, while L. pylomifera reveals a 
rounded pylome, a com mon feature among Palaeozoic 
acritarchs (Vavrdova 1 976; Brasier 1 980) . Nevertheless, 
well-developed circular pylomes were recorded also among 
late Proterozoic Riphean spheromorphs (VidaI 1 976; Vidal 
& Ford 1983) . Thus, this feature does not provide sufficient 
basis for erecting new form-species. Additionally, L. dehisca 

was also reported from the Lontova horizon in Byelorussia 

(Bessonova & Piscun 1979) , the Orsha Depression and the 
western part of the Moscow Syneclise (Bessonova & Chu
makov 1979) . By itself this latter circumstance excludes the 
possibility of regarding the species as an index taxon for 
the Rovno horizon . 

Additional microfossils claimed to be characteristic of 

the Rovno horizon include Retisphaeridium densum Paskevi
Ciene and Teophipolia lacerata Kirjanov (Volkova et al. 1979, 
1 983) . Spee imens referred to R. densum (Volkova et al. 
1 979, Tabl. 29, Figs. 6, 7) appear to represent rather cor
roded and compacted leiosphaerids and are not attribut
able to the genus Retisphaeridium Staplin , Jansonius & Poc
ock, 1965. The speeies T. lacerata is also known from the 
decidedly younger Lower Cambrian Hardeberga Sand
stone in Sweden (G. Vidal , personal communication) and 
this suggests a considerably extended stratigraphic range . 

Also, Ceratophyton vernicosum Kirjanov reported to occur 

in the Rovno and the succeeding Lontova horizons has a 

substantially wider stratigraphic range than previously re
ported within the EEP by Volkova et al. ( 1 979, 1 983) . The 

species occurs also in the lower part of the Kaplonosy and 

Radzyn formations referred to as the equivalent of the 
Schmidtiellus mickwitzi Zone (Figs. 5 ,  8)  in the Lublin Slope . 

This part of the sequence was correlated with the Talsy 

horizon (Volkova 1969a, 1973; Aren & Lendzion 1978; 
Volkova et al. 1 979, 1 983; Keller & Rozanov 1979b; Urbanek 

& Rozanov 1983; Figs. 10, 1 1 ) .  The speeies is also recorded 

in the Lower Cam brian Hardeberga Sandstone in Sweden 

and in the ' Green Shales' in Bornholm, Denmark (Moczy-
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dlowska & VidaI 1 986) , which might belong to the Schmidt

iellus mickwitzi Zone (Fig. 1 1 ) ,  and in the Tokammane 
Formation in Spitsbergen,  Svalbard, which is considered to 
be contemporaneous with the Lontova horizon (Knoll & 
Swett 1 987) . 

Accordingly, the Rovno horizon is characterized by the 
occurrence of acritarchs referred to Leiosphaeridia sp. ,  T. 
lacerata and the problematicum C. vernicosum (neither of 
which appear to have much biostratigraphic significanee ) ,  
and additionally, Micrhystridium tornatum, which is well 
known to occur in the Cambrian (Volkova 1 968, 1 973; 
Downie 1974, 1 982; Vanguestaine 1978; Volkova et al. 1 979; 
1 983; Vidal 1981a, b ,  c ;  Moczydlowska 1 98 1 ,  1 989) . The 
occurrence of M. tornatum in deposits referred to the Rov
no horizon was reported from Latvia (drillcores Aluksne 

and Baltanava) , the Moscow Syneclise (drillcore Redkino ) 
and the Leningrad district (Volkova 1 968, 1 969b, 1 973, 
1981b, 1 985; Volkova et al. 1979, 1983) . However, detailed 
information concerning the relative location in the se
quences is not available .  Only in the southern part of the 
Fennoscandian (=Baltic) Shield (which includes the Len
ingrad distriet) the occurrence of M. tornatum was more 
'precisely' reported as the uppermost part of the Rovno 
horizon (Mens & Pirrus 1 979) . 

From the point of view of continuity rocks attributed to 
the Rovno horizon are in transitional contact with the 
overlying rocks of the Lon tova horizon only in the Ukraine 
and in the southern slope of the Fennoscandian Shield 
(Kirjanov 1968, 1 969, 1979a; Mens & Pirrus 1 979; Keller & 
Rozanov 1979b; Mens et al. 1 987, 1990) . In are as of contin

uous sedimentation, the uppermost part of the Rovno 

horizon yielded the first finds of Platysolenites antiquissimus 

(Kirjanov 1 968, 1969 , 1979a; Mens & Pirrus 1 979; Rozanov 
1 979, 1 983) . In the southern slope of the Fennoscandian 
Shield coeval beds also yielded M. tornatum (Mens & Pirrus 
1 979) . A characteristic acritarch assemblage occurs in 
rocks of the succeeding Lontova horizon together with a 

shelly fauna consisting of P. antiquissimus, Onuphionella ag

glutinata, Aldanella kunda, and a 'chitinous' fauna attrib
uted to Sabellidites cambriensis and S. sp. (Volkova et al. 1 979, 
1 983; Keller & Rozanov 1 979b; Rozanov 1 979, 1 983) . 

Looking at the fossil record within discrete areas of the 
EEP in the U.S .S .R. it appears that the acritarch assemblage 
consisting of Leiosphaeridia sp. is accompanied by S. cam

briensis and S. sp. The appearance of P. antiquissimus coin
cides with the occurrence of Micrhystridium tornatum and 
the 'Lontova-type '  acritarch assemblage . This is taken as a 

good marker bed. Accordingly, in this paper only the 

upper part of the Rovno horizon, yielding Platysolenites and 
Asteridium tornatum (Volkova) comb.nov. , is attributed to 
the Cambrian System (Moczydlowska 1 989; Figs. 10 ,  1 1 ) .  

The microfossil assemblage recorded in rocks of the 
Sabellidites- Vendotaenia Zone in the Lublin Slope in Poland 
(Assemblage 2 ;  Fig. 8) , which was regarded as Vendian in 

age (Moczydlowska & Vidal 1 986, 1 988a; Moczydlowska 

1 988a, 1989) , is comparable to the assemblage occurring in 

the Kotlin Formation and the bulk of rocks of the Rovno 

horizon (except for its upper part) in the U.S .S.R. (Fig. 10 ) . 

The microfossil assemblage defining the Asteridium tor

natum - Comasphaeridium velvetum Assemblage-zone in the 
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Lublin region, which i s  contemporaneous with the P. anti

quissimus Interval-zone (Fig. 8) , consists of speeies that 
appear in the Lontova and Talsy horizons in the platform 

areas within the U.S.S .R. It additionally contains some new 

speeies (Moczydl'owska & Vidal 1 986; Moczydl'owska 
1 988a) . But it does not include any speeies of Baltisphaerid

ium (here referred to Globosphaeridium n.gen. and Skiagia) 

that are diagnostic of the Talsy horizon (Volkova et al. 1979, 
1 983) . However, the assemblage under discussion is rich in 

speeimens attributed to species of Pterospermella, previously 
known to appear first in the Talsy horizon. 

In the Lublin Slope the acritarchs Lophosphaeridium ten

tativum Volkova, Asteridium lanatum (Volkova) comb. nov. , 

Comasphaeridium strigosum (Jankauskas) Downie, Ptero

spermella vitalis J ankauskas and Tasmanites bol7rowskae WaZyil
ska (previously known from the Talsy horizon)  appear in 
the Asteridium tornatum - ComasphGeridium velvetum Assem
blage-zone. The occurrence of acritarchs previously re
garded as first appearing in the Talsy horizon (Volkova et 

al. 1 979, 1 983) in older deposits (e .g .  in the Lontova hori
zon) was also noted in the U.S .S.R. For example, T. bol7row

skae occurs in a correlative of the Lontova horizon in 
Volhynia (Shepeleva 1 969) , and in the Lontova horizon in 

Byelorussia (Bessonova & Piscun 1979) , the Orsha Depres
sion and the Moscow Syneclise (Bessonova & Chumakov 
1979) . Thus, differences in the composition of the acrit
arch assemblages between the Asteridium tornatum - Com

asphaeridium velvetum Zone in Poland and the correspond

ing Lontova horizon in the U.S .S.R. have to do with the 
more comprehensive stratigraphic ranges observed for 
some so-called Talsy ' age-diagnostic ' speeies, reflected in 
their seemingly earlier appearances in the Lublin area. 
Discrepancies in stratigraphic ranges could be a function 

of insufficient sampling or perhaps be due to a more 
complete record of microfossils in the continuous se
quence in the Lublin Slope. A previously recognized sedi
mentation break at the disconformable contact between 
the deposits of Lontova and Talsy horizons in the U.S.S .R. 
(Mens & Pirrus 1 977; Keller & Rozanov 1979b) has caused 
a hiatus (Fig. 10 ) . 

The Asteridium tornatum - ComasphGeridium velvetum Zone 

is here regarded as corresponding to the Lontova horizon 

and the uppermost part of the Rovno horizon (Fig. 10 ) . 
These acritarch zones are contemporaneous with the P. 
antiquissimus Zone according to its modified range (Moczy
dl'owska 1989; Figs. 6, 8, 1 0) . Previously, the Lontova hori
zon was correlated with the Platysolenites Zone ( sensu Aren 
& Lendzion 1 978 and Lendzion 1983a, b) or with the 
Platysolenites Zone and the lower part of the Mobergella Zone 
(Lendzion 1983a) . The overlying Talsy horizon is regarded 
as the oldest unit in the EEP within the U.S.S .R. containing 

Lower Cam brian trilobites (Kirjanov & Chernysheva 1967; 

Mens & Pirrus 1977; Kirjanov 1 979; Keller & Rozanov 
1 979b) and has be en correlated with the Holmia zone in 

Poland (Aren & Lendzion 1 978) , or alternatively, with the 

upper part of the Mobergella Zone and the lower part of the 
Holmia zone ( Lendzion 1 983a) . 
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The Baltoscandian Platform 

In Scandinavia the Upper Proterozoic and Lower Cam

brian sedimentary sequences occur within the Caledonide 
Orogen and the Baltoscandian Platform (Martinsson 1 974; 
Kumpulainen & Nystuen 1 985; Føyn 1 985; Bergstrom & 
Gee 1 985; Fig. 9 ) . Within the Caledonides, Upper Pro

terozoic and Lower Cambrian rocks are present in alloch
thonous and parautochthonous occurrences within thrust 
sheets and in autochthonous areas along the thrust front of 
the orogen ( see Kumpulainen & Nystuen 1 985 for a recent 

review) . The allochthonous units were originally deposited 
in the western Baltoscandian basins bordering the Balto
scandian continental platform, where autochthonous and 
parautochthonous formations were deposited during re
gional subsidence (Kumpulainen & Nystuen 1 985) . Major 
areas of autochthonous unmetamorphosed sedimentary 
successions in northern Scandinavia are in East Finnmark, 
around the Tanafjord and Varangerfjord areas and around 
the Laksefjord, Porsangerfjord and Alta regions in north
em Norway (Banks et al. 1971 , 1974; Siedlecka & Siedlecki 
1971 ; Johnson et al. 1 978; Føyn 1 985) . Additional areas 
along the Caledonian thrust front from Finnmark in north

eastem Norway to the Lake Mjøsa region in southwestern 
Norway (e .g .  around Lake Tornetrask and in Laisvall in 
northern Sweden) are referred to the Vendian and Lower 
Cambrian Dividal Group (Kulling 1964; Vogt 1 967; Føyn 
1967, 1 985; Føyn & Glaessner 1 979; Kumpulainen & Ny
stuen 1 985; Bergstrom & Gee 1 985; Ahlberg, 1 985) . 

In Baltoseandia, the most complete transitional se
quence through Upper Proterozoic - Lower Cambrian 
strata is developed in the Tanafjord-Varangerfjord region . 
Its thickness is about 5000 m and comprises units attrib
uted to the Upper Riphean, Vendian, Cambrian and Tre
madocian (cf. Føyn 1 985 for a recent review) . Upper Pro
terozoic deposits reaching a thickness of about 3000 m are 
divided into three groups of strata, each separated by an 
unconformity (Johnson et al. 1 978; Siedlecki 1 980; Føyn 
1 985) . In ascending order, the sequence is initiated by the 
Vadsø Group (dominantly fluvial according to Banks et al. 

1 97 1 ,  although micropalaeontological evidence suggests 

largely marine deposition, Vidal 1981a) , followed by shal
low-marine deposits of the Tanafjord Group, and the gla
cial and marine Vestertana Group (Reading 1 965; Sied
lecka & Siedlecki 1 97 1 ;  Banks et al. 1 971 , 1 974; Føyn 1985) . 
The upper part of the Vestertana Group consists of the 
Stappogiedde Formation ( 500-550 m in thickness) and the 
Breivik Formation ( 600 m thick) . These two formations 
form a continuous transgressive marine succession of Pre
cambrian to Cambrian strata (Reading 1 965; Føyn 1 967, 
1 985; Banks 1 970; Bank et al .  1 97 1 ,  1 974; Siedlecka & 

Siedlecki 1971 ; Johnson et al. 1 978; Føyn & Glaessner 1 979; 

Siedlecki 1 980) . The lithostratigraphic and depositional 

character of the Upper Proterozoic-Cambrian sequence in 
the Tanafjord-Varangerfjord region is complex (Reading 

1 965; Banks et al. 1 97 1 ,  1 974; Siedlecka & Siedlecki 1971 ; 

Johnson et al. 1 978; Siedlecki 1 980) . Its age is bracketed by 
isotopic (Pringle 1 973; Sturt et al. 1 975) and biostrati

graphie age determinations (Føyn 1 967, 1 985; Banks 1 970; 

Føyn & Glaessner 1 979; Bertrand-Sarfati & Siedlecka 1 980; 
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Vida1 1981a, 1 985) . Isotopic dating of the Klubbnes Forma
tion at the base of the Vadsø Group yielded an age of 
807±1 9 Ma. The Nyborg Formation of the Vestertana 
Group gave an age of 653±7 Ma, and the cleavage of the 

Stappogiedde Formation was dated to 504±7 Ma (Pringle 
1973;  Føyn 1 985; recalculated by Sturt et al. 1 975) . The 
Vadsø Group, except the uppermost Ekkerøy Formation, 

contains acritarch assemblages previously known in Upper 
Riphean units in the U.S.S .R. ,  in the middle and lower part 

of the Upper Visingso Group in Sweden, and in the Upper 

Eleonore Bay Group of East Greenland (Vidal 1981a) . 
Thus the group is considered to be late Riphean in age 
(Vidal 1981a, 1985; Føyn 1985) . On the basis of the acrit
arch evidence, the Ekkerøy Formation at the top of the 
Vadsø Group and the lower part of the overlying Tanafjord 
Group is regarded to be early Vendian in age (VidaI 1981a, 
1985) . The Grasdal Formation of the uppermost Tanafjord 
Group yielded stromatolites interpreted to be late Riphean 
to Vendian in age (Bertrand-Sarfati & Siedlecka 1980) . 

The overlying Vestertana Group, with its continuous 
sequence across the Precambrian-Cambrian boundary 
within the Stappogiedde or Breivik Formation (Banks 
1970; Føyn & Glaessner 1 979; Vidal 1981a, 1 985; Føyn 
1985) , contains small shelly fossils, ' chitinous ' fossils and 
trace fossils (Føyn 1 937, 1 967, 1985; Reading 1 965; Banks 
1970; Føyn & Glaessner 1979) . Recently, imprints of certain 
Ediacara-type soft-bodied metazoans and trace fossils were 

recovered from the Stappogiedde Formation (Farmer et al. 

1991 ) .  Remains of vendotaenids were reported from the 
Stappogiedde Formation (Vidal 1981a) and were recently 

recovered from the Lower Breivik Member of the Breivik 
Formation (personal observations) . 

The first trace fossils occurring in the Stappogiedde 

Formation are simple vertical burrows and horizontal 
trails, while Phycodes pedum first appears at the base of the 
Breivik Formation within the lowest 3 m of the Lower 
Breivik Member (Banks 1 970) . Platysolenites antiquissimus 

occurs about 150 m above the base of the Breivik Forma
tion (Banks 1970) and it is well known also in correlatives 
of this formation within the Dividal Group at other locali
ties in northern Scandinavia (Føyn 1 967, 1 985; Føyn & 
Glaessner 1 979) . The acritarch assemblage from the Brei
vik Formation contains Micrhystridium sp. (= Asteridium sp. )  
together with P. antiquissimus (Vidal 1981a) . Elsewhere 
Micrhystridium is known to occur in Cam brian and younger 
strata (see 'Acritarch-based correlation of the Precambr
ian-Cambrian boundary' , The EEP) . 

On palaeontologic evidence the Precambrian-Cam

brian boundary was placed at the transitional beds between 
the Stappogiedde Formation and the Breivik Formation 

(Banks 1 970; Banks et al. 1971 ) ,  or in the uppermost part 
of the Stappogiedde Formation (Føyn & Glaessner 1979; 

Vidal 198 1 a) . The base of the Breivik Formation was pro
posed by Daily ( 1 972) and Føyn ( 1 985) as the alternative 

level of the Pre cam brian-Cam brian boundary. The transi

tionally overlying Duolbasgaissa Formation of the Diger

mul Group (Johnson et al. 1 978; Siedlecki 1980; Føyn 1985) 

contains the ichnofossil Rusophycus dispar and poorly pre

served trilobites attributed to Holmia mobergi ( ? ) , taken to 

indicate the Schmidtiellus mickwitzi Zone of the Lower Cam-
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brian (Bergstrom 198 1 ;  Ahlberg 1984; Bergstrom & Gee 

1 985) . 
A time equivalent Upper Proterozoic - Lower Cambrian 

sequence is exposed also in the Laksefjord region, where 

the Tanafjord Group and Vestertana Group, including the 
Platysolenites-bearing Breivik Formation, are recognized 
(Føyn 1 967, 1 985) . Among the autochthonous sections of 

the Dividal Group along the Caledonian front, the most 
complete sequence is at Mt. Luopakte , south of Lake Tor

netrask (Moberg 1 908; Kulling 1964; Føyn 1 967; Thelander 
1 982) . It consists of rocks ranging in age from Vendian to 
Middle Cambrian (Kulling 1964; Vogt 1 967; Føyn 1 967, 
1985) . The Dividal Group is subdivided into informal litho
stratigraphic members I ,  Il, III (correlated with the Stappo

giedde Formation) , attributed to the Vendian, which are 
overlain by strata referred to the Lower Cam brian (Kumpu
lainen & Nystuen 1 985; Føyn 1985) . Vendotaenids and 
Vendian acritarchs were reported in the second lithostrati
graphic unit (Vidal 1981a) . The possible medusoid fossil 

Kullingia concentrica Glaessner occurs in rocks correspond
ing to member III (Kulling 1 964, 1972; Føyn 1 967, 1 985; 
Føyn & Glaessner 1979) . The three lower members contain 
an assemblage of trace fossils comparable to those in the 
Stappogiedde Formation (Banks 1 973) . A depositional 
break was inferred within the upper part of member Ill, 

and this break is considered to represent the boundary 
between the Vendian and Cambrian (Vidal 1981c ,  1 985; 

Føyn 1 985) . The overlying beds contain Platysolenites anti

quisszmus, Volborthella tenuis and Hyolithes sp. (Kulling 1 964; 
Føyn & Glaessner 1979; Ahlberg 1985) as well as the acrit

arch species Leiosphaeridia sp . ,  Lophosphaeridium tentativum, 

Tasmanites sp. ,  and Comasphaeridium strigosum (Vidal, un
published) . The upper part of the sequence contains a 
fauna including Strenuaeva inflata Ahlberg & Bergstrom, 
Comluella? lapponica Ahlberg, and Proampyx triangularis Ah 1-
berg & Bergstrom. This fauna is attributed to the Holmia 

kjerulfi-group Zone (Ahlberg & Bergstrom 1 978; Ahlberg 

1 979, 1 980, 1 985; Bergstrom & Gee 1 985) . 

In the Laisvall region the crystalline basement is covered 
by rocks of the Laisvall Group and Middle and/or Upper 
Cambrian shales (Willden 1980; Bergstrom & Gee 1 985) . 
The lower part of the Laisvall Group contains an Ediacara
type medusoid fossil (Kulling 1 964) and is referred to the 
Vendian . On micropalaeontologic evidence (acritarchs) 
the base of the Cam brian is located at the bottom of the 
Grammajukku Formation (Vidal 1981a) which constitutes 
the upper part of Laisvall Group. Non-trilobite trace fossils, 

shelly fossiIs and trilobites occur in this formation which 

can probably be referred to the Holmia kjerulfogroup Zone 
(Kautsky 1 945; Ahlberg & Bergstrom 1 978; Bergstrom 
1 980, 1 98 1 ;  Ahlberg 1 984, 1985; Bergstrom & Gee 1 985) . 
This section contains a disconformity at the bottom of the 

Grammajukku Formation (Willden 1 980; Ahlberg 1 984) 
which marks the base of the Cambrian (Vidal 1981a, c ,  

1 985) . 

Summarizing, among severai well-exposed and recog

nized transitional Upper Proterozoic - Lower Cambrian 

sequences in Scandinavia the Tanafjord-Varangerfjord re

gion seems to be the very promising section for recognizing 

the Precambrian-Cambrian boundary. The sequence is 
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evidently continuous, relatively well known from the litho

stratigraphic, sedimentologic and tectonic points of view, 

and severaI units have been isotopically dated (see Føyn 

1 985; Kumpulainen & Nystuen 1 985; Bergstrom & Gee 
1 985) . A transition from the post-glacial Vendian into 
Lower Cam brian strata is well documented biostratigraphi
cally (Føyn & Glaessner 1 979; Bergstrom & Gee 1 985; Vidal 
1 985) . Hitherto existing palaeontologic records comprise 
' chitinous' fossils, small shelly fossils, trace fossils, trilobites 

and microfossils (acritarchs and cyanobacteria) which are 
fully comparable with the transitional Precambrian-Cam
brian sequences elsewhere. Particularly the acritarch evi

dence (VidaI 1 98 1 a, 1 985, and unpublished ongoing stud

ies) are prornising for the recognition of the microbiotic 
changes and radiation of phytoplankton at the turn of 
Proterozoic and Phanerozoic. The equivalent continuous 
sequences at Laksefjord, or sequences with depositional 
bre aks at Lake Tornetrask (Mt Luopakte) , Laisvall ,  Barents 
Sea and Lake Mjøsa regions, provide analogous fossil suc
cessions which indicate rather complete microbial and 
faunal records. The above mentioned supplementary refer
ence sections are overlain by trilobite-bearing Lower Cam

brian strata, thus providing a marker leve l for the se
quences under consideration . 

The Siberian Platform 

Available micropalaeontological data from the transitional 
Vendian-Cambrian strata in the Siberian Platform are rel
atively less comprehensive than in the EEP. The predomi

nance of carbonate facies in the Siberian Platform un
doubtedly constitutes the main cause of the scarce 
occurrences of acritarch assemblages. This is because these 
lithofacies are generally not suitable for the preservation of 

organic-walled microfossils. However, the reported co-oc

currence of acritarch assemblages with shelly fossils consid
ered as index taxa of the earliest Cam brian in Siberia is 

significant (Ogurtsova 1 975; Rudavskaya & Vassileva 1 984) 
for defining the Precambrian-Cambrian boundary. It also 
adds to the correlation of strata in different regions and to 

the timing of the early radiation of phytoplankton and 

skeietal faun as (Moczydlowska & Vidal 1 988a) . 
The transitional Vendian-Cambrian deposits in the Sibe

rian Platform comprise, in ascending order, the Yudomian, 
Tommotian and Atdabanian Stages (Ivanovskaya 1 980; 
Rozanov & Sokolov 1 984) . The Yudomian Stage embraces 
the Yudoma Formation including the Nemakit-Daldyn ho
rizon and is considered to be Vendian in age (Rozanov & 
Sokolov 1 984; Sokolov & Ivanovsky 1 985; Sokolov & Fedon
kin 1 985; Khomentovsky 1 984, 1 986) . The Tommotian 
Stage is regarded as the lowermost part of the Cam brian 

System in the Siberian Platform (Rozanov & Missarzhevsky 

1 966; Rozanov et al. 1 969; Raaben 1 98 1 ;  Rozanov & Sokolov 

1 982, 1 984; Sokolov & Zhuravleva 1 983) . It consists of the 
upper part of the Yudoma Formation and the Pestrotsvet 

Formation (Rozanov & Sokolov 1 984) . The lower boundary 

of the Tommotian Stage is defined at the base of the 
Aldanocyathus sunnaginicus Zone and it has been proposed 

as the stratotype for the Proterozoic-Cambrian boundary 

(Rozanov & Sokolov 1 982, 1 984; Rozanov 1984a, bl . The 
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zonation of the Tommotian Stage is based on archaeo

cyathan assemblages that define the Aldanocyathus sunna

ginicus Zone, Dokidocyathus regularis Zone and, uppermost, 

the Dokidocyathus lenaicus - Tumuliolynthus primigenius 

group Zone . The mass appearance of skeIetal fossils occurs 
in the A. sunnaginicus Zone (Rozanov & Sokolov 1 984) . 
Rocks of the Atdabanian Stage contain the oldest trilobite 

fauna in Siberia, including trilobites of the genus Profalla

taspis (Egorova et al. 1 983; Rozanov & Sokolov 1 984) . 
Small shelly fossils in Tommotian strata are generally 

regarded as biostratigraphically significant (Rozanov et al. 

1 969; Rozanov & Sokolov 1 984; Brasier 1 989) . The implied 

order of appearance preceding the rise of 'more advanced' 
faunas (e.g. trilobites) is significant in that it has become 
an essential part ofvarious models aiming at explaining the 
rise, radiation and skeletonization among marine inverte
brates (Terrnier & Terrnier 1 960; Brasier 1 979, 1 985, 1 989; 
Lowenstam & Margulis 1 980; Glaessner 1 984; Conway Mor
ris 1 987a, bl . However, outside the type area of the Tom
motian, some of the supposedly age-diagnostic index fossils 
of the Tommotian have be en reported to occur together 
with trilobites, which by virtue of concept, would imply a 
younger age than in Siberia. In Canada Sunnaginia im

bricata (and possibly Turcutheca) was reported together with 
trilobites of the Callavia Zone (Landing et al. 1 980) . In 
southeastern Sweden, Mobergella holsti was recorded in 
sandy units considered as roughly contemporaneous with 
the Lower Cam brian zone with Dokidocyathus lenaicus and 
Majatheca tumefacta in Siberia (Bengtson 1 970, 1 977) . Sub
sequently, on faunal grounds, the rocks were considered as 
time equivalent with shale-carbonate facies rocks attrib
uted to the Schmidtiellus mickwitzi trilobite Zone in southem 
Norway (Bergstrom 1 981 ) containing Holmia cf. mobergi, 

Platysolenites antiquissimus and Mobergella fauna (Skjeseth 
1 963; Bengtson 1 977; Bergstrom 1 98 1 ;  Ahlberg et al. 1 986) . 
Bergstrom ( 1 981 )  suggested that part of the Tommotian 

sequence in Siberia may be contemporaneous with the 
Schmidtiellus mickwitzi Zone in the Baltic region. The Moberg

ella-bearing units in southeastern Sweden and southern 
Norway have yielded acritarchs diagnostic of Vergale age 

(Vidal 1981b; Moczydlowska & Vidal 1 986; Hagenfeldt 

1 989a; Vidal & Nystuen 1991 ) .  Furthermore , in the subsur

face of the Baltic Syneclise in Poland, beds with Mobergella 

have yielded acritarchs previously known from the trilobite
bearing Talsy and Vergale horizons (Jankauskas in Volkova 
et al. 1 979; Moczydlowska 1981  and unpublished data) . 

Acritarch assemblages deriving from the Yudomian and 
Tommotian Stages in the Siberian Platform have provided 
data which should be taken into consideration in any dis
cussion on biostratigraphic interregional correlation.  Acri
tarchs from the Aldanocyathus sunnaginicus Zone closely 

resemble those from the Lontova horizon (Platysolenites 

antiquissimus Zone) in the EEP (Ogurtsova 1 975) . How
ever, the acritarch taxa considered by Ogurtsova ( 1975) 

have long stratigraphic ranges in the EEP (Volkova et al. 

1 979, 1 983) , where they range into trilobite-bearing strata 

attributed to the Talsy horizon. Hence, they lack biostrati
gra phi c precision for ascertaining the relative age of the 
Tommotian (cf. Rozanov & Sokolov 1 984) in relation to 

acritarch and trilobite-bearing beds in the EEP. An acrit-
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arch assemblage undoubtedly corresponding to the assem
blage recovered from the trilobite-bearing Talsy horizon 
and the time-equivalent Schmidtiellus mickwitzi Zone in the 
Lublin Slope in Poland and in Baltoscandia was discovered 
in deposits of the Dokidocyathus regularis Zone of the Tom
motian Stage (Rudavskaya & Vassileva 1 984) . The acri
tarchs from rocks of the D. regularis Zone were reported in 
association with a Tommotian shelly fauna consisting of 
Tommotia, Aldanella, Anabarites, Turcutheca, Ladatheca and 

Chanælloria (Rudavskaya & Vassileva, 1984) . 
Units underlying the Tommotian sequence (Yudoma 

Formation, Nemakit-Daldyn Horizon, Moty Formation) in 
Siberia have locally yielded Cambrian acritarch taxa. Thus, 
the upper part of the Nemakit-Daldyn horizon in the 
Anabar Uplift gave an assemblage of shelly fossiIs and 
acritarchs characteristic of the Lower Cam brian Lontova 
horizon in the EEP (Luchinina et al. 1 978; Kirjanov in 

Volkova et al. 1 980) . On the basis of acritarch evidence, 

Rudavskaya & Frolov ( 1 974) regarded the upper part of the 
Yudoma Formation as early Cambrian in age . Taxa charac
teristic for the Talsy and Vergale horizons were docu
mented to occur in the Yudoma Formation, Moty Forma

tion, Kurovsk Formation and Kiessiusinsk Formation of the 
Yudomian Stage in the Siberian Platform (Pyatiletov & 
Rudavskaya 1 985) . Acritarch taxa previously known from 
trilobite-bearing strata elsewhere were reported from the 
Moty Formation in Siberia (Rudavskaya 197 1 ,  1 973, 1980; 
Faizulina et al .  1 973, 1982;  Volkova et al. 1 980; Akulcheva et 

al. 198 1 ;  Pyatiletov & Rudavskaya 1 985) . However, it was 
interpreted as indicating a much earlier (late Proterozoic) 
appearance for these microfossils in the Siberian Platform 

than elsewhere (Pyatiletov 1 976, 1986; Pyatiletov in Vol
kova et al. 1 980; Khomentovsky 1 984, 1986) . Disregarding 

the widespread record of rich and diverse acritarch assem
blages of Cambrian age (Rudavskaya 1971 , 1 973, 1980; 
Rudavskaya & Frolov 1974; Luchinina et al. 1 978; Volkova 
et al. 1980; Akulcheva et al. 1 98 1 ;  Faizulina et al. 1 973, 1982; 

Pyatiletov & Rudavskaya 1985) , Yudomian strata in numer
ous regions of the Siberian Platform were referred to the 
Vendian by Khomentovsky ( 1 984, 1 986) , Sokolov & Fedon
kin ( 1 984, 1 985) and Sokolov & Ivanovsky ( 1 985) . Hence, 
c1aiming strong diachronism, lowermost Cam brian acrit
arch assemblages from the EEP were regarded as Riphean 
in the Siberian Platform. The same assemblages that are 
known to coexist with early trilobites and shelly faunas in 
the EEP, Scandinavia and Greenland were considered as 
Vendian by Khomentovsky ( 1 984, 1986) . 

In the light of available evidence, Moczydlowska & Vidal 

( l 988a) conc1uded that the Tommotian Stage does not 

represent the oldest Cambrian deposits on the Siberian 
Platform. They suggested that deposits referred to the 

Tommotian Stage in Siberia are, in part, time-equivalent to 

the trilobite-bearing Talsy (Liikati) horizon in the EEP. 
The co-occurrence of Vergale age-diagnostic acritarchs 

with a Mobergella fauna (Hagenfeldt 1 989a; Vidal & Nystuen 

1 99 1 )  and Talsy age acritarchs with the Tommotian shelly 

fauna from the Dokidocyathus regularis Zone (Rudavskaya & 

Vassileva 1984) may have further implications. It seems that 

part of the Tommotian inc1uding the Dokidocyathus regularis 

Zone and the Dokidocyathus lenaicus Zone (with Mobergella) 
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may be contemporaneous with the trilobite Schmidtiellus 

mickwitzi and Holmia kjerulfi Zones in Scandinavia and Po
land (Fig. 1 1 ) .  The acritarch evidence (Rudavskaya 1 97 1 ,  
1 973, 1 980; Rudavskaya & Frolov 1974; Faizulina et al. 1 973, 

1 982; Luchinina et al. 1 978; Volkova et al .  1 980; Akulcheva 
et al. 1 98 1 ;  Pyatiletov & Rudavskaya 1 985) indicates also 
that part of the Yudomian Stage , inc1uding the Nemakit
Daldyn horizon and the Moty Formation, may belong to 
the Cambrian System (Moczydlowska & Vidal 1 988a) . 
Available data are not conc1usive concerning the lower age 
limit of the Tommotian in relation to possible correlatives 
in the EEP and Baltoscandia. However, the established age 
relations and the possib1e existence of depositional bre aks 
speak against the Tommotian as a suitable stratotypic se
quence for the Precambrian-Cambrian boundary. The 
basic considerations for promoting this point of view are 

that shelly faunas in the type Tommotian area and else
where are contemporaneous with well-known trilobite fau
nas. 

Models dealing with metazoan radiation and skeletoniza
tion heavily rely on evidence from the Tommotian of Sibe

ria. Regional correlations built up on acritarch databases 
indicate the coexistence in time of 'primitive ' shelly meta
zoans and trilobite faunas. Hence, if proven correct, these 
models demand substantial revision . As established by acri
tarch data, the contemporaneous occurrence of trilobites 
and small shelly faun as remove previous obstac1es in defin
ing the Proterozoic-Cambrian boundary, which could be 
established at the first occurrence of either group awaiting, 
refinement through the study of acritarchs. 

The South China Platform 

Investigations of the transitional Sinian-Cambrian strata in 
China have be en carried out during the last decade with 

the purpose of defining a stratotype candidate of the Pre

cambrian-Cambrian boundary (Xing 1 982; Xing et al. 

1 982, 1 984; Xing & Luo 1 984; Luo et al. 1 984; Jiang 1 984, 
1 985; Song 1984; Xue 1 984; Wang 1 986; Yin 1 987; Zhang et 

al. 1987) . Lithologic, sedimentologic,  palaeontologic and 
radiometric data have been generated for deposits of the 
Dengyingxia'an ,  Meishucunian and Qiongzhusian Stages 
in the selected Meishucun section in Yunnan Province 
(Luo et al. 1 984; Xing & Luo 1984; Song 1 984; Xue 1984) . 
The Meishucun sequence was chosen as the most adequate 
section in China to satisry conditions for the stratotype 

candidate which were established during the IUGS-IGCP 
Conference, Project 29, in Bristol, 1 983 (Luo et al. 1 984; 

Xing & Luo 1 984; Cowie 1 985) . The distribution of individ

ual groups of fossils within the terminal Upper Sinian and 
Lower Cam brian strata in China resembles in many aspects 

the transitional Vendian-Cambrian units in the East Euro
pean and Siberian Platforms, Baltoscandia and Newfound

land. This applies to fossil successions com prising soft-bod

ied metazoans, shelly fossiIs, trace fossils, trilobites and 

vendotaenids (cf. Keller & Rozanov 1979a; Sokolov & Zhu

ravleva 1 983; Xing et al. 1 982, 1 984; Xing & Luo 1984; Luo 
et al. 1984; Song 1984; Jiang 1 985; Crimes & Jiang 1 986; 

Narbonne et al .  1 987; Landing et al .  1 989; Qian & Bengtson 
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1 989) . The vertical distribution of acritarchs is less well 

known. 
The boundary stratotype section at Meishucun (Luo et al. 

1 984) has yielded microfossil assemblages that are difficult 
to compare with any other previously known biotas. Certain 
species (e .g. species of Hubeisphaera, Dictyosphaera, Scapho

spinosa, Triangumorpha, Pseudodiacrodium, Fuchunshania, 

Monotrematosphaeridium) are not recognized elsewhere. 
Many others may represent various preservational stages of 
microfossils whose morphological features may be artifacts 
of preservation (e .g. Archaeopertusina, Asperatopsopho

sphaera, Leiopsophosphaera, Pseudozonosphaera) . Further

more, there are evident erroneous attributions to well-es
tablished acritarch genera ( Micrhystridium, Archaeodiscina, 

Lophosphaeridium, Polyedrixium; Deunff 1 954, 1 9 7 1 ;  Rudav

skaya 1971 ; Eisenack et al. 1973, 1 976, 1 979a, b; Volkova et 

al. 1979, 1983) . In general, many specimens described as 
acritarchs might represent unidentifiable kerogenous frag
ments and poorly preserved, corroded spheromorphs and 

blobs of sapropel (Luo et al. 1 984, Pl. 18 ,  20) lacking any 
palaeobiological and biostratigraphic significance . Addi
tionally, the cyanobacterial microfossil Bavlinella faveolata 

Schepeleva (Luo et al. 1 984, Pl .  20 :7-8) has been recently 
transferred to Sphaerocongregus variabilis Moorman (Moor

man 1974; Vida1 1 976; Vidal & Nystuen 1 990) . Laminarites 

antiquissimus (Luo et al. 1 984) is presently attributed to 
Vendotaenia antiqua (Gnilovskaya 1971 , 1 975, 1979a, 1 983; 
Vidal 1 989) and is of limited biostratigraphic significance. 

Specimens referred to Micrhystridium spinosum and M. sp. 
deriving from the Sinian Jiucheng Member and Baiyan
shao Member (Luo et al. 1984, Pl. 20 : 1 9, 20) and Micrhy

stridium sp. from the Cam brian Yu'anshan Member (Luo et 

al. 1 984, Pl. 1 8 :27) may be kerogen fragments. 
Among the acritarch assemblages the only diagnostic 

microfossils are specimens attributed to Baltisphaeridium 

multispinosum (Luo et al. 1 984, Pl. 1 8 : 1 )  deriving from the 

Cambrian trilobite-bearing Yu'anshan Member. They can 
be attributed to Skiagia ciliosa (Volkova) Downie (Volkova 
1 969b, 1 981b ;  Volkova et al. 1 979, 1 983; Downie 1 982) . 

Thus, the only certain evidence of biostratigraphically sig
nificant acritarchs derives from the Lower Cambrian trilo

bite-bearing Qiongzhusian Stage in the Meishucun section 

(Xing et al. 1982, 1984; Xing & Luo 1984; Luo et al. 1984) . 
The occurrence of S. ciliosa in the Yu'anshan Member of 
the Qiongzhusi Formation leads to the conclusion that this 
part of the sequence could not, in any event, be older than 
the Vergale horizon in the EEP of the U.S .S .R. ,  or the 
Heliosphaeridium dissimilare - Skiagia ciliosa Assemblage
zone in Poland. Both of these are time-equivalent with the 
Holmia kjerulf! Assemblage-zone in the Lublin Slope and 
Holmia inusitata and Holmia kjerulf! Zones in Baltoscandia 

(Volkova 1 969b, 1 981b ;  Volkova et al. 1 979, 1 983; Vidal 

1981b,  c; Moczydl'owska 198 1 , 1 989; Moczydl'owska & Vidal 
1 986; Figs. 10 ,  l l ) .  

The plant microfossils, including Sphaerocongregus vari

abilis, Vendotaenia, Tyrasotaenia and Chuaria, deriving from 

the Sinian Dengyingxia'an Stage rocks (Luo et al. 1984) are 
comparable with the assemblages of Vendian age recov

ered in the East European and Siberian Platforms, and 
Baltoscandia ( Gnilovskaya 197 1 ,  1974, 1975, 1979a, 1983, 
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1 985; Vidal 1976, 1 979b, 1981a, b,  c) . The rocks o f  the 

Lower Cam brian Meishucunian Stage in the Meishucun 

section contain few age-diagnostic taxa. 

New acritarch species were described from the Niutitang 
Formation and the underlying Yangjiaping Formation in 
southwestern China by Wang ( 1 985) . The Niutitang For
mation was considered as Cambrian, whereas the Yangjiap

ing Formation was regarded as coeval with the Meishucun 
Formation . Both units have been referred to the Sinian 
(Wang 1985) . Acritarchs were generally studied in petro
graphic thin sections, with the single exception of a species 
reported from acid-resistant residues. It is difficult to com

pare the microfossils with forms described elsewhere from 
palynological preparations, because of the different preser
vation caused by the incompatible preservational media 

(e.g. cherts and shales) . However, specimens ascribed by 
Wang ( 1 985) to various species of the new genus Paracyma

tiosphaera seem to pertain to a colonial cyanobacterium 
belonging to Order Chroococcales (Palacios Medrano 
1 989) and are possibly senior synonyms of Palaeogompho

sphaeria cauriensis Palacios Medrano, 1 989. Additional new 
species (Radiophycus yangjiapingensis and Micrhystridium am

pliatum) may be synonyms, and their appearance in pub
lished micrographs as well as their descriptions do not 
indicate any diagnostic differences. They resemble some 

species of Heliosphaeridium n .gen. However, preservational 
discrepancies prevent a more precise comparison . 

Correlation of the proposed Precambrian-Cambrian 
boundary sequence in China with other regions on the sole 
basis of acritarchs is, at this stage, premature . This is be
cause of the uncertain and unreliable nature of the taxo

nomic attributions of individual taxa. Furthermore , be
cause numerous species are 'new' and/or not recognized 
elsewhere (Sin & Liu 1 976; Yin & Li 1 978; Yin 1980, 1 983,  
1985, 1 987; Wang 1981 , 1 985; Luo et  al. 1 984; Wang & Chen 
1987) their ranges are poorly established. 

In contrast to the underlying sequences, the trilobite

bearing Qiongzhusian Stage is well documented and con
tains abundant diagnostic acritarch species. A recent study 
of the Qiongzhusi Formation in Yunnan Province (Zang 
1988b) provided abundant well preserved acritarchs fully 
comparable with forms previously known from numerous 

localities in Europe, Siberia and North America ( see 
above) . Rocks of the Lower Cam brian Yu'anshan Member 
of the Qiongzhusi Formation in Yunnan Province occur at 
the Qiongzhusi section near Kunming City and at the 
Maotianshan drillhole near Chengjiang County. They 
yielded acritarch assemblages consisting of Skiagia orbicu

lare, S. ornata, S. compressa, S. scottiea, S. ciliosa, Comasphaerid

ium strigosum and Alliumella baltica (Zang 1 988b) . This as
semblage corresponds to that from rocks attributed to the 
Vergale horizon in the EEP of the U.S.S .R. ,  and the Helio

sphaeridium dissimilare - Skiagia ciliosa Assemblage-zone in 
Poland (Volkova et al .  1 979, 1 983;  Moczydl'owska 1 989; Fig. 

10 ) . 

The Yu'anshan Member of the Qiongzhusi Formation in 

the South China Platform is referred to the trilobite Eored

lichia-Wutingaspis Zone (= Yunnanocephalus Zone) ( Zang 

1 988b) . Hence, the acritarch record suggests that the Eored

lichia-Wutingaspis Zone is time-equivalent to the Holmia 
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kjerulfi Assemblage-zone in Poland and the Holmia inusitata 

and Holmia kjerulfi Zones in Baltoscandia (Fig. 1 1 ) .  In 
conc1usion,  the zone with Eoredlichia-Wutingaspis (Zang 
1988b) and Eoredlichia-Parabadiella (Luo et al. 1 984) is not 

the oldest trilobite zone except locally. Rocks correspond
ing to this zone in Baltoscandia and Poland (= Holmia 

kjerulfi Assemblage-zone) are underlain by those attributed 
to the Schmidtiellus mickwitzi Zone (Ahlberg & Bergstrom 
1 978; Bergstrom 1981 ;  Bergstrom & Ahlberg 1 98 1 ;  Len

dzion 1983b; Ahlberg et al. 1 986; Moczydlowska & Vidal 

1986, 1988a; Moczydl"owska 1989; Fig. 1 1 ) .  Consequently, 
at least the upper part of the Meishucunian Stage, regarded 
previously as pre-trilobite (Xing et al. 1 982,  1 984; Xing & 
Luo 1984; Luo et al. 1984) , appears time-equivalent to the 
Schmidtiellus mickwitzi Zone. Hence, the regional stages in 
the South China Platform seem to be younger than pre
viously believed, as was the case with the local stages in the 
Siberian Platform (see above) . 

The Avalon Platform 

The Avalon Zone of Newfoundland, Canada, consists of 

Upper Precambrian - Lower Cambrian platform deposits 
which under continuous subsidence accumulated in ma
rine environments (Narbonne et al. 1 987; Myrow 1 987; 

Landing et al. 1988, 1989) . A transitional sequence exposed 
at Fortune Head in the Burin Peninsula was proposed as 
the global stratotype section for the Precambrian-Cam
brian boundary (Narbonne et al. 1987) . The boundary is 
defined within the Chapel Island Formation (Crimes 1987, 
1988; Myrow 1 987; Narbonne et al .  1987; Landing 1988b; 
Landing et al. 1989) . The apparently continuous succession 
of the Chapel Island Formation is composed of silicic1astic 
rocks with minor carbonates (Myrow 1987; Narbonne et al. 

1987; Landing et al. 1989) . The formation has yielded a 
record of trace fossils, small shelly fossils, soft-bodied fossils 
(vendozoans) , vendotaenids and organic-walled microfos
sils (Bengtson & Fletcher 1 983; Crimes & Anderson 1985; 

Crimes 1987, 1 988; Narbonne & Myrow 1988; Narbonne et 
al. 1 987; Landing et al. 1 989) . The abundance of rich and 
well-preserved trace fossils within the Chapel Island Forma
tion allowed recognition of three zones within the Upper 
Precambrian and Lower Cambrian part of the sequence 
(Crimes 1987, 1988; Narbonne et al. 1 987; Narbonne & 
Myrow 1988) . 

In the proposed stratotype locality at Fortune Head, the 
Chapel Island Formation inc1udes the Harlaniella podolica 

Zone, referred to the Upper Precambrian (Upper Vend
ian) , and succeeding Phycodes pedum Zone and Rusophycus 

avalanensis Zone of the Lower Cam brian (Crimes 1987, 

1988; Narbonne & Myrow 1988; Narbonne et al.  1988) . 
Small shelly fossils, ' chitinous' fossils ( Sabellidites cambrien

sis) and vendotaenids are sparsely distributed (Bengtson & 
Fletcher 1983; Narbonne et al. 1 987; Landing 1 988b; Land

ing et al. 1988, 1989) . 
The study of organic-walled microfossils from this sec

tion is still at an initial stage . The preliminary examination 

of samples deriving from the sequence com prising the 

Chapel Island Formation and Random Formation in the 

Fortune Head section yielded scarce and poorly preserved 
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acritarchs (G. Vidal & M .  Moczydfowska, unpublished ob
servations) . No biostratigraphically significant species were 

found. The assemblage contains leiosphaerids and vendo
taenid fragments. The poor results were most like ly a result 
of insufficient sampling. 

In the Avalon Platform early Cam brian acritarchs are 
currently known from the Brigus Formation , attributed to 
the upper part of the Lower Cam brian (Martin & Dean 
1 983) . Contrary to the poor acritarch record from the 
Lower Cambrian, Middle and Upper Cambrian rocks have 

yielded rich and well-documented assemblages (Martin & 

Dean 1981 , 1 983, 1984, 1 988) . The palynological data ob
tained from the Chamberlain ' s  Brook Formation and the 
Manuels River Formation on Random Island permitted an 
establishment of an acritarch zonation related to existing 
trilobite zones (Martin & Dean 198 1 ,  1 983, 1 984, 1 988) . 

Comprehensive palaeontological and stratigraphic studies 
of microfloras from the Cam brian strata of the Avalon 
Platform in eastern Newfoundland allowed a more accu
rate correlation with strata in Baltoscandia, Great Britain, 
Spain and the Gondwana region (Martin & Dean 1988) . A 

more detailed future study of the Lower Cam brian se

quence might complete the acritarch-based 
biostratigraphic zonation, thus allowing comparison with 
existing subdivisions elsewhere . 

Acritarch-based correlation of 
the Lower Cambrian 

Preface 

The aim of this chapter is to sort out the correlation of 

Lower Cam brian in different regions within the East Euro
pean Platform, the Baltoscandian Platform and the Caledo

nides on the basis of diagnostic assemblages of the acrit

arch microphytoplankton. This requires a thorough 
examination of the status of previously established bi 0-
zones. 

The existing biostratigraphic subdivisions of the Lower 
Cambrian were established on faunal grounds, particularly 
on the basis of trilobites, small shelly fossils, and to some 
extent trace fossils. The subdivisions are regional and diffi
cult to compare , since the index fossils are generally rare 
and in some instances restricted to local occurrences. Also, 

their stratigraphic ranges are of ten not fully recognized. 
The trilobite zonation was introduced in Scandinavia 

already in the previous century, and it has a comprehensive 

history of research (see detailed review by Martinsson 1 974; 

also Bergstrom 1981 ; Ahlberg 1 984; Ahlberg et al. 1 986) . 
However, faunas defining the discrete zones derive from 

lithologic units separated by sedimentary bre aks and ex
posed in discontinuous sections. Correlations of these units 

are large ly based on the assumption that the zonal bound

aries coincide with the formational boundaries, sinte the 

index fossils are usually toa rare to allow a more exact 

biostratigraphic analysis. Index fossils are , in some cases, 

known as a single specimen or a few fragments (Holmia 
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inusitata, Schmidtiellus mickwitzz) , and their geographie dis

tribution is poorly known. 
The record of the trilobite fauna in the platform areas of 

Poland and the U.S.S .R. is also limited, since in all but a few 

cases in the U.S .S.R. the fossils were recovered from drill
cores. Even though the rock sequence is continuous, as in 
the Lublin Slope, the stratigraphic ranges of some index
taxa are not satisfactorily recognized (e .g. Schmidtiellus and 
Protolenus) because of the rarity of the fin ds. On the con
trary, phytoplanktic microfossils occur in nearly all litho
stratigraphic units. Succes sive acritarch assemblages from 
continuous sections in the EEP are recognized in the Bal
toscandian Platform and the Caledonides (Fig. I l ) .  Un
avoidably, the proposed acritarch-based correlation chal
lenges the formerly accepted ranges of certain trilobite and 

shelly fossil speeies and the attribution of some lithostrati
graphie units to particular biozones ( see discussion below; 
cf. Bergstrom 1 98 1 ;  Lendzion 1983a, b; Ahlberg 1984; 
Ahlberg et al. 1986; Mens et al. 1990) . Acritarchs are the 
only fossil gro up commonly occurring in most marine 
sedimentary rocks and having relative ly well-defined 
ranges. These features provide the opportunity to com pare 
the ranges recorded for sparsely distributed invertebrate 
fossiIs co-occurring with acritarchs and also for comparing 
the biozonation of strata in various regions. 

The East European Platform 

The U S. S.R. 

The subdivision of the Lower Cambrian based on acritarch 
assemblages was first established by Volkova ( 1 973) and 
Volkova et al. ( 1 979, 1 983) for the EEP within the U.S.S.R. 
( see 'Acritarch-based correlation of the Precambrian
Cam brian boundary ' ,  The EEP; Fig. 1 0  ) .  In ascending 
stratigraphic order the established scherne comprises the 
Rovno, Lontova, Talsy, Vergale and Rausve 'horizons ' .  As 

mentioned above, most of the Rovno horizon is regarded 

as Vendian (Fig. 10 ) . The discrete horizons include differ
ent formations containing diagnostic acritarch ass em
blages. Thus, according to the International Stratigraphie 

Guide (Hedberg 1976) the distinguished horizons have the 
status of informal biostratigraphic units. Originally, the 
Lontova and Talsy (=Liikati) horizons were defined on the 
basis of acritarch assemblages deriving from the Lontova 
Formation (Lontova horizon) and the Liikati and Tiskre 
Formations (Talsy horizon) in Estonia and their correla
tives in Latvia, the Moscow Syneclise and Poland (Volkova 
1 968, 1 969a, b; 1973; Volkova et al. 1 979, 1 983; Mens & 
Pirrus 1 977, 1 979; Fig. 10 ) . Acritarch assemblages compa
rable to the Lontova and Talsy assemblages have been 
described from the Ukraine (Kirjanov 1968, 1969) . The 

Vergale horizon was established on the basis of a character

istic acritarch assemblage obtained from the upper part of 
the Holmia zone in the Lublin Slope and time-equivalent 

rocks in Latvia (Volkova 1969a, b,  1973; Birkis et al. 1 970, 

1 972) . An assemblage similar to the Vergale assemblage 
was also recognized in the Ukraine (Kirjanov 1 969) . The 

Rausve horizon was introduced to embrace strata contain
ing an acritarch assemblage deriving from the Protolenus 
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zone in the Lublin Slope in Poland and coeval strata in 

Latvia and Lithuania (Volkova 1 969a, b,  1 973; ]ankauskas 
1 972; Volkova et al. 1 979, 1 983) . It is evident that the 

discrete acritarch assemblages which define the established 

horizons (Volkova 1 968, 1 973; Kirjanov 1969; Volkova et al. 

1 979, 1 983) emanate from various formations in different 
regions of the vast area of the EEP within the U.S .S.R. 
(Volkova 1 964, 1968, 1 973, 1 974a,b; Kirjanov 1 968, 1969, 
1 974, 1979a; Birkis et al.  1 970, 1972; Fridrichsone 1971 ; 
Umnova & Vanderflit 197 1 ; ]ankauskas 1 972, 1 974, 1 975, 
1976; ]ankauskas & Posti 1 973, 1976; Volkova et al .  1 979, 
1983) and Poland (Volkova 1 969a, b, 1 973; Volkova et al. 

1979, 1 983) . 
The combined stratigraphic sch erne for the Lower Cam

brian of the EEP within the U.S .S .R. (Volkova et al. 1 979, 
1 983) is composed of a succession of acritarch assemblages 
deriving from discontinuous sequences seattered within 
the vast areas of the Volhynian-Polessian Trough (Fig. 9 ) , 
the Podlasie-Byelorussia Depression, the Orsha Depres
sion and western part of the Moscow Syneclise, the Baltic 
Syneclise and the southern part of the Fennoscandian 
(=Baltic) Shield (Kirjanov 1969, 1 979a; Mens & Pirrus 
1977, 1979; Aren et al. 1 979a; Bessonova & Chumakov 1 979; 
Bessonova & Piskun 1979; Mens et al. 1987, 1 990) . Most of 

the formations containing the characteristic assemblages 
(e .g .  Rovno,  Lontova, Talsy, Vergale and Rausve-like assem
blages) are separated by depositional bre aks and display 
different degrees of completeness in the discrete areas 

(Keller & Rozanov 1 979b) . The only transitional contacts 
between consecutive formations (and the corresponding 
horizons) are observed between the Rovno and Lontova 
horizons and between the Vergale and Rausve horizons in 
parts of the Ukraine, Lithuania, Latvia and the Leningrad 
region (Kirjanov 1 968, 1969, 1979a; Aren et al. 1 979a; Mens 
et al. 1 990; Fig. 10) . It seems evident that the acritarch 
assemblages recorded in the Soviet part of the EEP repre
sent a discontinuous succession of microphytoplankton.  
Thus, the real stratigraphic ranges of discrete taxa were 
never fully recognized and this may explain recorded over
lapping co-occurrences of certain acritarch species in se
quences evidently representing a more complete rock re
cord. In Scandinavia an acritarch complex consisting of 

Comasphaeridium brachyspinosum (Kirjanov) Moczydlowska 
& Vidal, C. molliculum Moczydtowska & Vidal, Fimbriaglome
reita membranacea (Kirjanov) Moczydlowska & Vidal, and F. 
minuta (Jankauskas) Moczydlowska & Vidal, species pre
viously regarded as restricted to the Talsy horizon (Volkova 
et al. 1 979, 1 983) , co-exist with Skiagia ciliosa (Volkova) 
Downie (VidaI 1981b;  Moczydtowska & Vida1 1986, 1988b; 
Eklund 1 990; Hagenfeldt 1 989a; Moczydlowska 1 989; Fig. 
5 ) , a species known to appear in the Vergale horizon 
(Volkova et al. 1 979, 1 983) . In the Lublin Slope, Asteridium 

lanatum (Volkova) comb. nov. , Comasphaeridium strigosum 

(Jankauskas) Downie, Lophosphaeridium tentativum Volkova, 

Pterospermella vitalis ]ankauskas, and Tasmanites bobrowskae 

Waiyilska, all formerly believed to appear in the Talsy 

horizon (Volkova et al. 1979, 1983) , were demonstrated to 
occur in rocks corresponding to the Lontova horizon (Mo

czydlowska & Vida1 1 986; Moczydlowska 1 989; Figs. 5, 10 ) . 
Lack of attention to such occurrences has caused finds of 
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assemblages with speeies having overlapping ranges to be 
interpreted as of 'mixed composition ' (Mens et al. 1987, 
1990) . 

The subdivision of the Lower Cam brian in the EEP 

within the U.S.S.R. was modified recently by Mens ( in Mens 
et al. 1987, 1 990) . In the new proposed scherne the pre
viously established horizons were replaced by ' regional 
stages ' .  The proposed regional stages li terally replace 
' horizons' and are defined on the basis of discrete acritarch 
assemblages characteristic of the stratotypic formations 
and corresponding 'horizons' .  Unfortunately, the acrit
arch assemblages and the modified Lower Cambrian acrit

arch-based stratigraphic scherne are not accompanied by 
complete references to the original subdivision as intro
duced by Volkova ( 1 973) and Volkova et al. ( 1 979, 1983) . 

The previous horizons were transferred to the rank of 
chronostratigraphic ' regional stages' . Thus, for example , 
the original Lontova horizon was renamed the Lontova 
' regional stage ' (Mens et al. ,  1 987, 1990) . Both entities, 
'horizons'  and ' regional stages'  , are informal units accord
ing to the International Stratigraphie Guide (Hedberg 1976) 
and are recognized in the U.S .S .R. in local subdivisions 

(Spizharski et al. 1 983, 1 986; Mens et al. 1 987, 1 990) . The 
change of the status and renaming of previously estab

lished units leads to additional confusion concerning inter
regional correlation . The former Talsy horizon was re
named on Dominopol '  ' regional stage ' (Mens et al. 1987, 
1990) . The reason was to restore the priority of the name 
erected by Kirjanov (Kirjanov 1 969; Mens et al. 1 987, p. 18 ,  
and 1 990, p. 10) . But despite this explanation the Vergale 
and Rausve horizons were not renamed following Kir
janov's nomenclature (Kirjanov 1969) . The selectiveness of 
the name transfers appears unjustified. Kirjanov ( 1 969) 
erected the horizons on the basis of assemblages deriving 

from local rock units with the rank of forrnations. Thus, 
they generally were not recognized over the whole plat
form area in the U .S .S .R. Later, Volkova ( 1 973) established 
a unified acritarch subdivision of the Lower Cambrian 
( into horizons) , using for this purpose more comprehen
sive data collected from various regions in the U .S .S .R. and 
also Poland. This obviously included the data presented by 
Kirjanov ( 1 969) . The subdivision introduced by Volkova 
( 1 973) was later emended by Volkova et al. ( 1 979, 1983) , 
taking into consideration widely accepted data available at 
this time,  and the resulting subdivision seems to have been 
accepted. In the present paper, the acritarch-based subdi
vision of the Lower Cambrian proposed by Volkova et al. 

( 1 979, 1983) is adopted, whereas the changes proposed by 

Mens et al. ( 1 987, 1 990) are not followed. 

Poland 

The Lower Cam brian of the Lublin Slope represents a 

continuous sedimentation record (Jaworowski 1 978, 1 980) 
with a nearly continuous succession offossil phytoplankton 

(Moczydl'owska & Vida1 1 986, 1988a; Moczydl'owska 1 988a, 

1989; Fig. 5 ;  Appendices 1-10) . The acritarch assemblages 
recorded in the Lower Cam brian sequence define the 

proposed formal zones (Fig. 8 ;  Appendices 6-10 )  which do 

not coincide with the previously established lithostrati-
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graphie units (Moczydl'owska & Vidal 1986, 1 988a; Moczy
dl'owska 1 988a, 1 989; Figs. 8 , 10 ) . Comparison of acritarch 
zones in the Lublin Slope with the horizons established for 
the U.S.S.R. reveals that the Asteridium tornatum - Coma

sphaeridium velvetum Assemblage-zone com prises the Lon
tova horizon and the uppermost part of the Rovno horizon 
(Moczydl'owska 1 989; Fig. 10 ) . The Asteridium tornatum 

Comasphaeridium velvetum Assemblage-zone corresponds to 

the herein redefined Platysolenites antiquissimus Interval
zone (Figs. 6, 8) in the Lublin Slope . The acritarch assem

blage diagnostie for this zone (Moczydl'owska 1 989; Fig. 5 )  

co-occurs with a fauna including Platysolenites antiquissimus 

Eichwald, Platysolenites sp . ,  Onuphionella agglutinata Kir
janov, Aldanella polonica Lendzion [= Aldanella allieborensis 

(Shaler & Foerste ) ] ,  Anabarella sp . ,  Sabellidites cambriensis 

Yanischevsky, Sabellidites sp. (Aren & Lendzion 1 978; Len

dzion 1983a, b; Landing 1 988b) , vendotaenids (Gnilov
skaya 1979a, 1 983) and trace fossils (Paczesna 1 985, 1 986) . 
Rocks contemporaneous with the Lontova horizon in the 
U .S .S.R. also yielded Aldanella kunda (Opik) , Onuphionella 

sp. ,  Sokoloviina costata Kirjanov, and Saarina sp. (Keller & 
Rozanov 1 979a, b) . According to a recent revision of Platy

solenites by Rozanov ( 1 979, 1 983) , P. antiquissimus Eichwald 
includes numerous conspecific taxa: P. lontova Opik, 
Yanishevskyites petropolitanus (Yanishevsky) and Spirosolenites 

spiralis Føyn & Glaessner. Platysolenites spiralis Posti, 1 978, 
can be added to this synonymy as a senior homonym of S. 

spiralis. Subsequently revised speeies comprise Aldanella 

polonica Lendzion and A. kunda (Opik) , both of which 
Landing ( 1 988b) transferred to Aldanella attleborensis 

(Shaler & Foerste ) as junior synonyms. 
The succeeding Skiagia ornata - Fimbriaglomerella membra

nacea Assemblage-zone in the Lublin Slope is partly equiv
alent to the Talsy horizon (Moczydl'owska 1989; Fig. 10 )  
and with minor differences contains a comparable acrit
arch assemblage (Volkova et al. 1 979, 1 983; Fig. 5 ) . The 
acritarchs Heliosphaeridium coniferum (Downie )  comb. nov . ,  

Skiagia pura Moczydtowska, and Skiagia scottiea Downie re

corded in this zone were not found in the Talsy horizon. 
On the other hand, Alliumella baltiea Vanderflit and Tasma

nites volkovae Kirjanov occur in the Talsy horizon (Volkova 
et al. 1979, 1 983) , but they are absent in the Lublin Slope 
(Fig. 5 ) . However, the stratigraphically diagnostic spe eies 
of Skiagia, Fimbriaglomerella, Comasphaeridium and Asteridium 

( see 'Microfossil assemblages - acritarch zones' ) co-o cc ur 
in rocks attributed to the Skiagia ornata - Fimbriaglomerella 

membranacea Assemblage-zone in Poland and in the Talsy 

horizon in the U.S.S.R. (Volkova et al. 1 979, 1 983;  Moczy
dl'owska 1989; Figs. 5 ,  1 1 ) .  

The Skiagia ornata - Fimbriaglomerella membranacea Assem
blage-zone corresponds to the correlative of the Schmidt

iellus mickwitzi Zone in the Lublin Slope (Moczydl'owska 

1 989; Figs. 8, 10 ) . The latter zone (Lendzion 1 983b; Moczy
dl'owska & Vidal 1 988a; Moczydtowska 1 989) has yielded 

Schmidtiellus sp . ,  Volborthella tenuis Schmidt, Torellella cf. lae

vigata (Linnarsson ) ,  Hyolithellus cf. micans Billings, Lingu

lella cf. nathorsti Linnarsson ,  Botsfordia cf. caelata (Hall ) , and 

Obolella cf. rotundata Kiaer (Aren & Lendzion 1 978; Len

dzion 1 983a, b) . However, O. rotundata Kiaer was trans

ferred to Magnicanalis rotundatus (Kiaer) (Rowell 1962) .  
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Within the platform area i n  the U.S .S .R. ,  additional fos

si Is are known from strata that are time-equivalent to the 

Talsy horizon, e .g.  Schmidtiellus mickwitzi (Schmidt) , 

Schmidtiellus sp . ,  Wolynaspis unica N. Tchernysheva, Volborth

ella sp . ,  Platysolenites antiquissimus Eichwald, Mickwitzia 

monilifera (Linnarsson) ,  M. formosa (Wiman) , M. concentriea 

Gorjansky, Luekatiella discinoides (Schmidt) , Luekatiella sp. ,  
Torellella cf. laevigata (Linnarsson) , Torellella sp. ,  Scenella 

discinoides Schmidt, S. tuberculata Schmidt, and Paterina rara 

Gorjansky (Schmidt 1 888; Kirjanov & Chernysheva 1967; 
Mens & Pirrus 1977; Keller & Rozanov 1979a, b) . 

The succeeding Heliosphaeridium dissimilare - Skiagia cili

osa Assemblage-zone in the Lublin Slope is time-equivalent 
to the Vergale horizon (Moczydl'owska 1989; Fig. 10 ) . The 
diagnostic acritarch assemblage of this zone (Fig. 5 )  differs 
from the Vergale assemblage (Volkova et al. 1 979, 1 983) in 

that it contains additional taxa including Heliosphaeridium 

coniferum (Downie) comb. nov. and Skiagia scottica Downie. 
On the other hand, Skiagia insigne (Fridrichsone) Downie, 
Lophosphaeridium dubium (Volkova) comb. nov. , and Coma

sphaeridium strigosum (Jankauskas) Downie, known from 

the Vergale horizon (Volkova et al. 1 979, 1 983) , are not 
present in the assemblage (Fig. 5 ) . However, this minor 
variation in the specific composition of the assemblages 
may not be significant, since all the mentioned species have 
comprehensive stratigraphic ranges. 

The Heliosphaeridium dissimilare - Skiagia ciliosa Assem
blage-zone corresponds to the Holmia kjerulfi Assemblage
zone as defined within the Lublin Slope (Moczydl'owska & 
Vidal 1 988a; Moczydl'owska 1 989; Fig. 8) . The diagnostic 
acritarch assemblage (Fig. 5) co-occurs with a fauna consist
ing of Holmia kjerulfi (Linnarsson) , Holmia grandis Kiaer, 
Ellipsocephalus cf. gripi (Kautsky) , Strenuaeva primaeva (Brag
ger) , Strenuella aff. salopiensis Cobbold, Strenuella sp . ex gr. 
polonica Samsonowicz, Germaropyge aff. sanctacrucensis Sam
sonowicz, Volborthella tenuis Schmidt, Torellella cf. laevigata 

(Linnarsson) , Torellella cf. holmi Kiaer, Hyolithellus cf. micans 

Billings, Lingulella cf. nathorsti Linnarsson, Botsfordia cf. 
caelata (Hall ) , Magnicanalis cf. rotundatus (Kiaer) , ACTothele 

prima (Matthew) and ACTotreta gemmula Matthew (Lendzion 

1 983a, b ;  Rowell 1962) . 
Fossils occurring in strata referred to the Vergale hori

zon and regarded as contemporaneous with the Heliosphae
ridium dissimilare - Skiagia ciliosa Assemblage-zone com
prise additionally Germaropyge(? )  mendosa, Platysolenites sp. ,  
ACTothelecf. bellapunctata Walcott, Westonia sp. ,  Lingulella sp. ,  
and Luekatiella sp. (Keller & Rozanov 1979a, b) . 

The next succeeding zone recognized in the Lublin 
Slope, the Volkovia dentifera - Liepaina plana Assemblage
zone, is contemporaneous with the Rausve horizon (Moczy
dl'owska 1989; Fig. 10 ) . The difference between the specific 

composition of the assemblages defining them has to do 

with the presence of Skiagia scottiea Downie and Helil}

sphaeridium longum Moczydlowska which have not been 
reported from the Rausve horizon (Fig. 5 ) . On the other 

hand, some of the species occurring in the Rausve horizon 
(e .g .  Comasphaeridium strigosum (Jankauskas) Downie, 

Tasmanites bobrowskae Wai:yr1ska, T. volkovae Kirjanov, 

Skiagia orbiculare (Volkova) Downie, S. ornata (Volkova) 
Downie, Heliosphaeridium radzynicum (Volkova) comb. nov. 
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and Multiplicisphaeridium dendroideum (Jankauskas) jankau

skas & Kirjanov) were not recovered from the unit in the 

Lublin Slope (Fig. 5 ) . All the species missing in the Lublin 

area have long ranges, and their absence in this particuJar 

zone appears of little stratigraphic significance. 
The Volkovia dentifera - Liepaina plana Assemblage-zone 

corresponds to the Protolenus zone (Moczydl'owska 1 989; 
Fig. 8) . Its diagnostic assemblage co-occurs with a fauna 
consisting of Protolenus sp. ,  Kingaspis ( Kingaspis) borealis 

Lendzion, Ellipsocephalus hoffi (Schlotheim) , Torellella holmi 

Kiaer, Hyolithellus sp . ,  Westonia bottnica (Wiman) , and Lingu

lella westergaardi Kautsky (Lendzion 1 983a, b) . Strata of the 
contemporaneous Rausve horizon yielded additional fau
nal components, including Volborthella cf. tenuis Schmidt, 
Lingulella cf. nathorsti Linnarsson,  Westonia sp. ,  Ceratiocaris 

sp. ,  and Luekatiella sp. (Keller & Rozanov 1 979a, b) . 

The herein proposed biostratigraphic correlation of 
zones recognized in the Lublin Slope with horizons in the 
U.S.S.R. (Fig. 10 )  is in disagreement with the correlation 
chart recently proposed by Mens, Bergstram & Lendzion 
( 1 987, 1 990) . This particularly con cerns a supposed Jack of 
correlatives of the Talsy horizon (Dominopol' ' regional 
stage ' according to the nomenclature by Mens et al. 1 987, 
1990) in the Lublin Slope (Mens et al. 1987, 1 990, chart, 
position 2 1 ) .  As mentioned above the existence of a hiatus 
between the Mazowsze and Kaplonosy Formations (Aren & 
Lendzion 1 978; Lendzion 1 983a, b; Mens et al. 1 987, 1990) 

is contradicted by existing sedimentologic data (Jaworow

ski 1 978, 1 980) and by micropalaeontologicaJ evidence 
(Moczydl'owska & Vidal 1 986, 1 988a; Moczydl'owska 1 988a, 
1989) . Based on acritarch evidence, the Jower part of the 
Kaplonosy formation (Aren & Lendzion 1 978; Lendzion 
1 983a, b ;  Figs. 8 ,  10 )  was shown to be contemporaneous 
with the Talsy horizon (VoJkova 1 973; Volkova et al. 1 979, 
1 983) . This opinion was reiterated by Moczydl'owska & 
Vidal ( 1 986, 1 988a) and by Moczydl'owska ( 1 988a, 1989; 
Fig. 1 0) . Consequently, the lower part of the Kaplonosy 
formation was referred to the Talsy (=Lukati) horizon by 
Aren & Lendzion ( 1 978) , Lendzion ( 1 983a) , and Keller & 
Rozanov ( 1 979b, Fig. 36) . The Talsy acritarch assemblage 

was regarded as characteristic of the lower part of the 

Holmia zone (Volkova 1 973) , e .g. the Kaplonosy formation 
(Aren & Lendzion 1978; Lendzion 1983a, b) . Paradoxi
cally, this assemblage was originaJly established on the basis 
of the acritarch record deriving from the Radzyit lG-l and 
Kaplonosy lG-l drillcores from the Lublin Slope (Volkova 
1969a, b, 1 973) . Therefore, the Kaplonosy formation, 
being partly the source of the acritarch assemblage defin
ing the Talsy (=Lukati) horizon , has to be correJated with 
this horizon. These circumstances were apparently ignored 
by Lendzion ( in Mens et al. 1 987, 1 990) , and a hiatus 

comprising strata time-equivalent to the Talsy horizon was 

inferred for the Lublin Slope. The result of this was a 
reduction in the time range implied by the Kaplonosy 
formation (Mens et al. 1 987,  1 990, correlation chart, posi
tion 2 1 ) .  This contradicts Lendzion 's  own previous state

ments (Aren & Lendzion 1978; Lendzion 1983a, b) . The 

Schmidtiellus subzone proposed for the lower part of the 

Holmia zone in the Lublin Slope area (Lendzion 1983b, p. 
674, 677) was established on the presence of Schmidtiellus 
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Fig. 1 1. Interregional acritarch-based correlation of Lower Cambrian strata in the East European Platform, the Baltoscandian Platform and 
the Scandinavian Caledonides. Modified after Volkova et al. ( 1 979, 1 983) , Keller & Rozanov ( 1 979b) for the U.S.S .R. ;  Vidal ( 1 98 1 a, b, c ,  1 985) , 
Moczydlowska & Vidal ( 1 986) , Eklund ( 1 990) , Vidal & Nystuen ( 1 990, 199 1 )  for the Baltoscandian Platform and Scandinavian Caledonides. 
Dotted area indicates the informal faunal zones recognized only in the northern Scandinavian Caledonides (after Føyn & Glaessner 1 979 
and Bergstriim 1981 ) .  Broken lines are for uncertain or approximate boundaries, vertical stripes indicate hiati, wavy line unconformities and 
crosses marks stand for crystalline basement. The square, asterisk, circular and triangle symbols indicate occurrences of acritarch assemblages 
defining acritarch zones established in the Lublin Slope. 

sp. in the Siedliska IG-l drilleore (Are i! & Lendzion 1978, 

p .  40) from the Lublin Slope (Lendzion 1 983a, p. 1 5 ) . The 
significanee of this fact was also overlooked by Lendzion ( in 

Mens el al. 1987, 1 990, chart position 21 ) ,  who indicated a 
hiatus com prising strata corresponding to the whole time 

range of the Schmidtiellus Zone . Thus, the Kaplonosy forma

tion was regarded as substantially younger. 

The Baltoscandian Platform 

Scania 

In Scania ( southern Sweden) the Lower Cam brian rocks 
rest unconformably on the Proterozoic crystalline base
ment and are overlain by the Middle Cam brian Alum Shale 

Formation (for a recent review, see Bergstrom & Gee 
1 985) . In ascending order, this generally shallow-marine 

sequence is subdivided (mostly informally) into the Harde

berga Sandstone, Norretorp Sandstone , Rispebjerg Sand
stone and the Gislov Formation. 

As a lithologic entity, the Hardeberga Sandstone has 

been known since the end of the nineteenth century 
(Angelin 1878) and the stratigraphic interest of this unit 
has a long history. The Hardeberga Sandstone rests on the 
crystalline basement in Scania (Hadding 1 929, 1 932;  Lind

strom & Staude 1 97 1 ;  Bergstrom 1981 ; Bergstrom & Gee 

1985) , or on the non-marine Nexø Sandstone on the island 

of Bornholm (V. Poulsen 1966; Martinsson 1974; Berg-

strom & Gee 1 985) . The Hardeberga Sandstone, or the 
Hardeberga Formation (Bergstrom & Gee 1985; Hamberg 

1991 ) ,  includes the Lunkaberg, Vik, Brantevik and Tobis
vik Members (Lindstom & Staude 1971 ; Bergstrom & Ahl
berg 1 98 1 ;  Bergstrom & Gee 1 985; Hamberg 1 991 ) .  The 

unit consists of arkosie sandstone and conglomerate at the 

bottom of the sequence, gradually replaced by pure quartz

arenitic sandstone interbedded with glauconitic sandstone 
containing phosphate nodules. Locally (e .g .  at Brantevik in 
southeastern Scania) , intraformational conglomerate is 
present (Hadding 1 929, 1 932;  RegnelI 1 960; Bergstrom 
1 970; Lindstrom & Staude 1 971 ) .  The formation reaches a 
maximum thickness of about 1 1 5-120 m (Hadding 1929,  
1 932; Lindstrom & Staude 1 97 1 ; Hamberg 1 991 ) .  The 
sequence was deposited in shallow prograding shoreface to 
offshore environments and consists of severai marine ero

sion surfaces (ravinements) separating each discrete set of 

marine facies associations (Hamberg 1991 ) .  

The Hardeberga Sandstone is sparsely fossiliferous, but 

it contains trace fossils, including a single trilobite mould, 

hyoliths and acritarchs (Bergstrom 1 970, 1 98 1 ;  Vidal 

1981b ,  c ;  Ahlberg 1984) . Trace fossils include Rusophycus 

parallelum Bergstrom, Scolithos lineans Haldeman, Synnga

morpha nilssoni (TorelI) , Psammichnites gigas (TorelI) , Mona

cratenon and Diplocratenon (Hadding 1 929; Westergård 

1 93 1 ;  Bergstrom 1970, 1 98 1 ;  Lindstrom & Staude 1 971 ; 
Lindstrom 1 972; Ahlberg 1 984; Bergstrom & Gee 1 985 ) . 

The Hardeberga Sandstone was referred to the 'Rusophycus 
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Fig. 1 1  (continued) . 

parallelum zone ' ,  supposed to represent the upper part of 
the Platysolenites antiquissimus Zone (Bergstrom 1 98 1 ;  Ahl

berg 1984; Bergstrom & Gee 1 985) . Recently, the Rusophy

cus parallelum Zone was excluded from the Platysolenites 

antiquissimus Zone (Mens et al. 1 990) . 
Rocks of the Hardeberga Sandstone contain a depauper

ate , but stratigraphically significant acritarch assemblage 

(VidaI 1981b ,  c) . This assemblage includes Granomarginata 

squamacea Volkova, Lophosphaeridium tentativum Volkova, 
Asteridium lanatum (Volkova) comb. nov. , A. tornatum (Vol
kova) comb. nov. , Comasphaeridium strigosum Uankauskas) 
Downie, C. brachyspinosum ( Kirjanov) Moczydlowska & 
Vidal, Globosphaeridium cerinum (Volkova) comb. nov. , Fim

briaglomerella membranacea ( Kjrjanov) Moczydlowska & 
Vidal, Pseudotasmanites parvus Kirjanov, Dictyotidium birve

tense PaskeviCiene, and Tasmanites tenellus Volkova. On this 
basis, rocks of the Hardeberga Sandstone were referred to 
the Holmia A 'stage ' or to the Liikati (=Talsy) horizon 
(Vidal 1981b ,  c; Moczydlowska & Vidal 1 986) . The acrit
arch assemblage of the Hardeberga Sandstone is compara
ble to the assemblage defining the Skiagia ornata - Fimbria

glomerelIa membranacea Zone in Poland and the Talsy 
horizon in the U.S.S.R. (Moczydlowska 1989; Figs. 5 , 1 1 ) .  

The Hardeberga Sandstone in Scania is overlain by the 
Norretorp Sandstone (Bergstrom 1 970; Martinsson 1 974) , 

also called the Norretorp Glauconitic Sandstone (Lind

strom & Staude 1971 ;  Lindstrom 1972) , the Norretorp 

Siltstone (Ahlberg & Bergstrom, 1 978) , or the Norretorp 

Formation (Bergstrom 1 98 1 ;  Bergstrom & Ahlberg 198 1 ;  

Bergstrom & Gee 1 985) . I n  some areas o f  Scania the 
boundary between the Hardeberga Sandstone and the 

Norretorp Sandstone is lithologic and distinguished by a 

shift from white quartzite to phosphatic sandstone (e .g .  in 
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the quarry at Hardeberga; Hadding 1929;  Bergstrom 1970; 

Bergstrom & Gee 1 985) . But at other localities conglomer
ates and sedimentary breccias occur at the bottom of the 

Norretorp Sandstone (for example in the Simrishamn 

area; Lindstrom & Staude 1 9 7 1 ;  Vidal , personal communi
cation) which seem to indicate a sedimentary break and the 

presenee of a hiatus (Lindstrom & Staude 1971 ; Lindstrom 
1972; Ahlberg & Bergstrom 1 978; VidaI 1981c ) . 

The Norretorp Sandstone consists of alternating calcar
eous, quartzitic and glauconitic sandstones and siltstones 

with phosphorite nodules (Hadding 1929, 1 932;  Bergstrom 
1970; Lindstrom & Staude 1971 ) .  The thickness of the 

formation ranges from 4 to 25 m (Lindstrom & Staude 
1971 ; Bergstrom & Gee 1 985) . The trilobites Schmidtiellus 

mickwitzi torelli (Moberg) , Holmia mobergi Bergstrom, 
Kjerulfia? lundgreni (Moberg) and additional shelly fossils, 

such as Volborthella tenuis Schmidt, hyoliths, brachiopods 
and trace fossils, including Cruziana dispar Linnarsson, 
were reported from the unit (Moberg 1 892,  1 899; Berg
strom 1970, 1 973a, 1 98 1 ;  Ahlberg & Bergstrom 1 978; Berg
strom & Ahlberg 1 98 1 ;  Ahlberg 1 984; Bergstrom & Gee 
1985; Ahlberg et al. 1 986; Bergstrom & Peel 1 988) . Based 
on trilobite evidence the Norretorp Sandstone was referred 
to the Schmidtiellus mickwitzi Zone (Bergstrom 198 1 ;  Ahl
berg 1984; Ahlberg et al. 1 986) , also named the Schmidtiellus 

mickwitzi and Mobergella zone (Bergstrom & Gee 1 985; Mens 
et al. 1 990) . The acritarch assemblage recovered from the 
Norretorp Sandstone includes Archaeodiscina umbonulata 

Volkova, Granomarginata squamacea Volkova, Globosphae

ridium cerinum (Volkova) comb. nov. , Lophosphaeridium dub

ium (Volkova) comb. nov. , L. tentativum Volkova, Skiagia 

orbiculare (Volkova) Downie, S. ornata (Volkova) Downie. It 
was considered to indicate a Holmia A or Holmia A-B age 

(Vi dal 1981b, c, 1 985) . This assemblage is comparable to 
the one defining the Skiagia ornata - Fimbriaglomerella mem

branacea Assemblage-zone in the Lublin Slope and the 
Talsy Horizon in the U.S .S.R. (Moczydlowska 1989; Figs. 5 ,  
1 1 ) .  

The overlying Rispebjerg Sandstone consists of coarse
grained calcareous and glauconitic sandstones rich in py
rite , and phosphoritic thin layers and nodules. Rocks of this 
unit display discontinuity surfaces (Hadding 1 929, 1932 ,  

1958; RegnelI 1960; Bergstrom 1970; Lindstrom & Staude 
1971 ; Lindstrom 1972 ) . The thickness of the formation is 
about 1-3 m ( Lindstrom & Staude 1971 ; Bergstrom & Gee 
1985) . The formation was first recognized on the island of 
Bornholm, Denmark (Hansen 1936; V. Poulsen 1 966; C .  
Poulsen 1 967; de Marino 1 980b) and subsequently in 
Scania (Bergstrom 1 970; Lindstrom & Staude 1971 ; Berg
strom & Ahlberg 198 1 ;  de Marino 1 980b; Bergstrom & Gee 
1985) . 

In Scania the Rispebjerg Sandstone rests disconformably 
on the Norretorp Sandstone (Lindstrom & Staude 1971 ; 

Lindstrom 1 972; Ahlberg & Bergstrom 1978; Vidal 1981b ,  

c) . It is also disconformably overlain by the Gislov Forma

tion (Lindstrom & Staude 197 1 ;  de Marino 1980a; Berg
strom & Ahlberg 198 1 ;  Ahlberg, 1 984) . Phosphatic con

glomerates at the base and top, and a discontinuity surface 

on top of the formation ( Lindstrom & Staude 1 971 ; Berg
strom & Ahlberg 1 98 1 ;  Vida1 1981b)  imply the existence of 
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hiati (Ahlberg & Bergstrom 1 978; Vidal 1981c) . The Rispe
bjerg Sandstone in Scania has only yielded indeterminable 

fragments of fossils and a Teiehiehnus-like trace fossil (Ahl
berg 1984; Bergstrom & Gee 1 985) . Acritarchs have not 
been found (Vida1 1 981  b, c) . Thus, the zonal attribution of 
the formation to the Holmia inusitata Zone (Bergstrom 
198 1 ;  Ahlberg 1984; Bergstrom & Gee 1 985; Ahlberg et al. 

1986; Mens et al. 1990) is based exclusively on the indirect 
evidence provided by the position between the Sehmidtiellus 

miekwitzi Zone (Norretorp Sandstone) and the Holmia kje
rulfi-group Zone (Gislov Formation; Bergstrom & Ahlberg 
198 1 )  . 

The overlying Gislov Formation consists of silt Y lime
stones, siltstones and shales attaining a total thickness of 
1-3 m (Bergstrom & Ahlberg 1 98 1 ;  Bergstrom & Gee 
1 985) . It rests disconformably on the Rispebjerg Sandstone 
and contains glauconitic limestones and phosphatic nod
ules in the uppermost part. These define the junction of 
the formation with the overlying Middle Cambrian Alum 
Shale Formation (Martinsson 1974; de Marino 1 980a; Berg
strom & Ahlberg 1981 ;  Bergstrom & Gee 1985) . Disconti
nuity surfaces were reported at the top of the formation at 
some localities (Bergstrom & Ahlberg 1981 ) .  A hiatus, 
probably reflecting the Hawke Bay regression, was indi
cated between the Gislov and Alum Shale Formations 

(Bergstrom 198 1 ;  Bergstrom & Gee 1 985; Mens et al. 1990) . 
The Gislov Formation has yielded a diverse fossil fauna 
including numerous trilobite taxa referable to Holmia, Pro

ampyx, Comluella? , Ellipsocephalus, Strenuaeva, Calodiseus and 
various shelly fossils such as brachiopods, hyoliths, helcio
nellids, ostracodes, lapworthellids and hyolithelminthids 
(Bergstrom 1973a, 1981 ; Ahlberg & Bergstrom 1978; Berg
strom & Ahlberg 1 98 1 ;  Ahlberg 1 984) . On the basis of 
trilobite evidence the Gislov Formation is referred to the 
Holmia kjerulfi-group Zone and the Proampyx linnarssoni 

Zone (Bergstrom 198 1 ;  Bergstrom & Ahlberg 198 1 ;  Ahl

berg 1984; Bergstrom & Gee 1985; Ahlberg et al. 1986) . 

Acritarchs are scattered and limited to speeimens of Leio

sphaeridia sp. and Skiagia ciliosa (Volkova) Downie which 
may sugge st a late Holmia age (VidaI 1981b,  c) . However, S. 

eiliosa is known to occur in the Vergale and Rausve horizons 
in the U.S.S .R. (Volkova et al. 1 979, 1983) and in assem
blages defining the Heliosphaeridium dissimilare - Skiagia eili

osa and Volkovia dentifera - Liepaina planaAssemblage-zones 
in the Lublin Slope in Poland (Moczydtowska 1 989; Figs . 5, 
I l ) .  

Bornholm 

The Lower Cam brian succession on the island of Born

holm rests on the crystalline basement and is overlain by 
the Middle Cambrian Alum Shale Formation (Hansen 
1936; V. Poulsen 1966, 1978; Martinsson 1 974; Surlyk 1980; 

Bergstrom & Gee 1985) . In ascending order the sequence 

consists of the Nexø Sandstone, the Balka Sandstone, the 
'Green Shales' and the Rispebjerg Sandstone (Hansen 
1936; V. Poulsen 1966, 1 978; Fig. I l ) .  Recently Surlyk 

( 1 980) regarded the two former units as formal formations 

( the Nexø Sandstone Formation and the Balka Sandstone 

Formation) whereas he referred the two latter to the infor-
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mal Læså formation. The Læså formation comprises the 

lower Broens Odde member (= 'Green Shales ' )  and the 
upper Rispebjerg Sandstone member. 

With the exception of the basal Nexø Sandstone,  the 
Lower Cambrian succession in Bornholm is comparable to 
that in Scania, and the discrete units are regarded as time
equivalent. Thus, the Balka Sandstone is the counterpart of 
the Hardeberga Sandstone and the ' Green Shales ' corre
spond to the Norretorp Sandstone (V. Poulsen 1966, 1 978; 
Lindstrom & Staude 1971 ; Bergstrom & Ahlberg 1 98 1 ;  
Bergstrom & Gee 1985) . The Nexø Sandstone consists of 
continental-fluvial red arkosie sandstones (Hansen 1 936, 
1 937; V. Poulsen 1 966, 1 978; Martinsson 1 974; Surlyk 1 980; 

Bergstrom & Ahlberg 1 98 1 ;  Bergstrom & Gee 1 985) which 
may be partly eolian (Dam & Clemmensen, 1 988) . The 
thickness of the Nexø Sandstone is about 1 00 m (Hansen 
1 936; Lindstrom & Staude 1 97 1 ;  Surlyk 1 980) . The rocks 
are unfossiliferous (V. Poulsen 1966; Martinsson 1 974) . 
Hence, the relative age of the formation is uncertain and 
on indirect evidence alone it was tentatively ascribed to the 
lower part of the Platysolenites Zone (Bergstrom & Gee 
1 985) or to the upper part of the Platysolenites antiquissimus 

Zone (Mens et al. 1990) . 
The Nexø Sandstone is transitionally overlain by evi

dently nearshore marine quartzitic sandstones of the Balka 
Sandstone (or Hardeberga Sandstone; Hansen 1 936; V. 

Poulsen 1 966; C. Poulsen 1967; Lindstrom & Staude 1 971 ; 
Martinsson 1 974; Surlyk 1 980; Bergstrom 1981 ; Bergstrom 
& Ahlberg 1981 ) .  The Balka Sandstone attains a thickness 
of about 60 m (V. Poulsen 1 966; C. Poulsen 1967;  Martins
son 1 974; Surlyk 1980) and contains fossil remains resem
bling Byronia Matthew and the trace fossils Monocraterion 

[ = Tigillites l ,  Diplocraterion, Skolithos, Planolites and Palaeophy

eus (V. Poulsen 1 966; C. Poulsen 1 967; Clausen & Vilhjams
son, 1 986) , and acritarchs (Vidal 1981b ,  c) . As in Scania, 
the formation has been referred to the upper part of the 
Platysolenites antiquissimus Zone (Bergstrom 1 981 ; Berg

strom & Gee 1 985) or to the Rusophycus parallelum Zone 
(Mens et al. ,  1 990) . Acritarchs deriving from shales within 
the Balka Sandstone are few and include Lophosphaeridium 
tentativum Volkova and Comasphaeridium braehyspinosum 

(Kirjanov) Moczydtowska & Vida! . They were considered to 
indicate a Holmia A age (Vidal 1981b ,  c ;  Moczydtowska & 
Vidal 1986) . The recorded spe eies occur in the Talsy hori
zon in the U.S.S .R. (Volkova et al 1979, 1 983) and in the 
Skiagia ornata - Fimbriaglomerella membranacea Assem blage
zone in the Lublin Slope in Poland (Moczydl'owska 1 989; 
Figs. 5 ,  I l ) .  

The succeeding unit, the ' Green Shales' (Forchhammer 
1 835; Gronwall 1 899; Hansen 1 936, 1 937; V. Poulsen 1 966, 

1 978; C.  Poulsen 1967) , or the Broens Odde mem ber 

(Surlyk 1980) consists of glauconitic and phosphatic silt

stones with intraformational phosphatic nodules and 

quartz-phosphatic conglomerates at the bottom (V. Poul

sen 1966; C. Poulsen 1 967; Martinsson 1 974; Surlyk 1 980; 
Vidal 1981 b) . Redeposition was indicated within the mem
ber (Lindstrom & Staude 1971 ) .  The thickness of the mem

ber is about 100 m (Hansen 1 936; V. Poulsen 1966; C .  

Poulsen 1 967; Lindstrom & Staude 1 97 1 ;  Martinsson 1 974; 
Surlyk 1 980) . The fossil record of this unit derives from a 



FOSSILS AND STRA TA 29 ( 1 99 1 )  

strongly phosphatized bed containing black phosphorite 
nodules within the glauconitic siltstones. The fossils were 
retrieved almost exclusively from the phosphatic nodules 

(C. Poulsen 1 967) . The fauna is essentially endemic and 

sparse and includes species of Hyolithes, Hyolithellus, Coleol

oides, Halkieria, Orthotheca, Circotheca, Prosinuites, Fordilla, 

Pseudorthotheca, Clauderia, Proplina?, Pollicina? and Trapez.o

theca? (V. Poulsen 1966; C. Poulsen 1 967; Bengtson 1 985) . 
The trace fossil association recovered from the rocks of this 

member consists of Planolites, Diplocraterion, Teichichnus, 

Rhizocorallium, Palaeophycus and Buthotrephis (Clausen & Vil
hjamsson 1 986) . The ' Green Shales' member was referred 
to the Schmidtiellus mickwitzi Zone (Bergstram 1 98 1 ;  Berg

stram & Ahlberg 1981 ; Bergstram & Gee 1 985; Mens et al. 

1990) on the indirect evidence of lithologic similarities 
with the Norretorp Formation, which was originally re
ferred to this zone. 

A diverse acritarch assemblage deriving from the ' Green 

Shales '  consists of Comasphaeridium brachyspinosum (Kir
janov) Moczydl'owska & Vidal, C. strigosum (Jankauskas) 
Downie, Fimbriaglomerella membranacea (Kirjanov) Moczy
dl'owska & Vidal, F. minuta (Jankauskas) Moczydl'owska & 
Vidal , Clobosphaeridium cerinum (Volkova) comb. nov. ,  Co

niosphaeridium primarium (Jankauskas) Downie, C. varium 

(Volkova) Downie, Asteridium tornatum (Volkova) comb. 
nov. , A. lanatum (Volkova) comb. nov. , Granomarginata 

squamacea Volkova, Lophosphaeridium tentativum Volkova, L. 

dubium (Volkova) comb. nov. ,  Tasmanites bobrowskae Waiyii
ska, T. tenellus Volkova, Skiagia ornata (Volkova) Downie, 
S. ciliosa (Volkova) Downie, Archaeodoscina umbonulata Vol
kova, Dictyotidium priscum Kirjanov & Volkova, Pterospermella 

solida (Volkova) Volkova, and Pterospermopsimorpha wolynica 

Kirjanov (VidaI 1981b ,  c; Moczydl'owska & VidaI 1986) . The 
assemblage was recovered from a single composite sample 
of phosphate nodules in the 'Hyolithid and phosphate ' 
informal member (Hansen 1 936) in the middle part of the 
unit (Vidal 1 981  b) . The phosphate nodules are probably 

reworked intraformational phosphates. Because of their 
previously recorded stratigraphic ranges in the U.S.S .R. ,  
the recovered acritarchs were regarded as a 'mixed' assem
blage containing species attributed to Holmia A or Holmia 

B ages (Vidal 1981b) . Therefore, the assemblage was sug

gested to indicate an age ( Holmia A = Talsy) possibly older 

than the depositional age of the unit (Vidal 1981 b) . How
ever, recent data establish this particular co-occurrence of 
acritarch speeies also in sequences in northeastern Poland 
(Moczydl'owska 1981 ) ,  in the Lake Mjøsa region in south
em Norway (Moczydl'owska & Vidal 1986, 1 988b) and in 
Gstergatland, southeastem Sweden (Eklund 1988, 1 990) . 
Because of the significanee attributed to the first occur
rence of Skiagia ciliosa, Coniosphaeridium varium, Pterosper

mella solida and Dictyotidium priscum (Volkova et al 1 979, 

1 983; Fig. 5 ) ,  the data above are here taken to indicate that 
the assemblage recovered by Vidal ( l 981b )  from the 

' Green Shales' is time-equivalent with the Vergale horizon 

in the U.S .S .R. and the Heliosphaeridium dissimilare - Skiagia 

ciliosaAssemblage-zone in the Lublin Slope (Moczydl'owska 
& Vidal 1 986; Moczydl'owska 1 989; Fig. I l ) .  This condition 

is in agreement with the previous observation that the 

assemblage from the ' Green Shales '  has not much in com-

Acritarch biostratigraphy in southeastern Poland 39 

mon with acritarchs recovered from the Norretorp forma

tion (Vidal 1981b) . Additional samples from siltstones in 
the lower part of the 'Green Shales' yielded an assemblage 

of acritarchs exclusively known to occur in the Skiagia 

ornata - Fimbriaglomerella membranacea Assemblage-zone in 
the Lublin Slope and the Talsy horizon in the U.S .S.R. 
(Moczydl'owska & Vidal , in preparation) . This suggests that 
rocks of the ' Green Shales' were deposited during the time 

comprising the Skiagia ornata - Fimbriaglomerella membra

nacea and Heliosphaeridium dissimilare- Skiagia ciliosa Assem
blage-zones in the Lublin Slope, i. e. corresponding to the 
Talsy and Vergale horizons in the U.S .S .R. (Moczydl'owska 
1989; Fig. 1 1 ) .  Thus the unit has a wider biostratigraphic 
bracketing than previously recognized (Bergstrom & Ahl
berg 1 98 1 ;  Mens et al 1 990) . 

The immediately younger Rispebjerg Sandstone consists 
of coarse-grained calcareous, glauconitic and siliceous 
sandstone intercalated with the phosphorite layers (Han

sen 1 936; V. Poulsen 1 966; C. Poulsen 1 967; Martinsson 
1974; de Marino 1 980b) . The thickness of the member is 
about 1-3 m (Hansen 1 936; V. Poulsen 1 966; C .  Poulsen 
1967; de Marino 1 980b; Surlyk 1 980) . Discontinuity sur
faces (erosive contacts between the layers) and pyritic con
glomerate occur within the member (Hansen 1937; V. 
Poulsen 1 963; de Marino 1 980b) . The contact between the 
Rispebjerg Sandstone and the underlying 'Green Shales' 
was considered as gradual (V. Poulsen 1 966; C.  Poulsen 
1967; Martinsson 1974) . The contact is presently not acces
sible (de Marino 1 980b) . The top of the Rispebjerg Sand
stone is erosive, indicating a stratigraphic hiatus separating 
the member from the overlying Middle Cambrian rocks (V. 

Poulsen 1 963, 1965, 1966, 1978; Martinsson 1974; de Ma
rino 1980b; Surlyk 1980) . The member is poorly fossilifer
ous and has yielded a single specimen of the trace fossil 
Cruziana dispar Linnarsson and a fragment of Hyolithellus 

micans Billings. The latter might be possibly reworked 
within the member (C .  Poulsen 1 967; de Marino 1 980b) . 
On indirect evidence alone (see above ) the Rispebjerg 
Sandstone was attributed to the Holmia inusitata Zone 
(Bergstrom 1 98 1 ;  Ahlberg 1 984; Bergstrom & Gee 1 985; 
Ahlberg et al 1 986; Mens et al 1 990) . 

Oland and Gotland 

On the islands of Gland and Gotland the Lower Cam brian 
sequence consists of the File Haidar Formation with the 
Kalmarsund Sandstone member at the base (Bergstrom & 
Gee 1985; Ahlberg 1 989) . The latter unit is overlain by a 
sequence informally named the Mobergella holsti zone, 'Mo

bergella sandstone '  or 'Mobergella beds' (Moberg 1 892;  Wes
tergård 1 929; Thorslund & Westergård 1938; Hessland 
1955; Regnell 1960; Bengtson 1968; Martinsson 1974; Berg

stram 198 1 ;  Vida1 1981c; Moczydl'owska & VidaI 1 986) . The 

File Haidar Formation consists of fine-grained sandstones 

and siltstones, generally with a basal conglomerate (Wes

tergård 1 929, 1 940; Hadding 1929; Thorslund & Wester

gård 1938; Hessland 1 955; Bengtson 1 968; Martinsson 
1 974; Bergstrom 1981 ;  Bergstrom & Gee 1 985; Ahlberg 

1989) . Rocks of the File Haidar Formation rest on the 
crystalline basement and are overlain by Middle Cam brian 
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strata (Thorslund & Westergård 1938;  Bergstrom & Gee 
1 985; Ahlberg 1 989) . The thiekness of the formation 
ranges from 20 to 157 m (Thorslund & Westergård 1938; 
Hessland 1955; Bergstrom & Gee 1 985; Ahlberg 1 989) . The 

fossil record includes 'Strenuella ' obseura Thorslund & Wes
tergård, Eolimulus alatus (Moberg) , Volborthella tenuis 

Schmidt, Miekwitzia monilifera Linnarsson, Torellella laevi

gata (Linnarsson) , Mobergella holsti (Moberg) , M. radiolata 

Bengtson, M. turgida Bengtson , Camenella baltiea (Bengt
son) , Micromitra undosa (Moberg) and Hyoli�hellus sp. (Mo
berg 1 892;  Thorslund & Westergård 1 938; Ahman & Mar
tinsson 1 965; Bengtson 1 968, 1 977; Bergstrom 1 98 1 ;  
Ahlberg 1 989) . O n  biostratigraphie grounds the range of 
the formation has been bracketed between the upper part 

of the Platysolenites antiquissimus Zone and the Proampyx 

linnarssoni Zone (Bergstrom 1 98 1 ;  Bergstrom & Gee 1985; 
Mens et aL 1 990) . 

An acritarch assemblage recovered from the Mobergellar 

bearing strata in the Kalmarsund area includes diagnostic 
species sueh as Comasphaeridium strigosum (Jankauskas) 
Downie, C. braehyspinosum (Kirjanov) Moczydl'owska & 
Vidal , Globosphaeridium eerinum (Volkova) comb. nov., Fim

briaglomerella minuta (Jankauskas) Moczydl'owska & Vidal , F. 
membranacea (Kirjanov) Moczydl'owska & Vidal , Skiagia ei/i

osa (Volkova) Downie, Heliosphaeridium dissimilare (Vol
kova) eomb. nov. , Asteridium spinosum (Volkova) comb. 
nov. In addition, speeies with wider stratigraphic ranges 
such as Asteridium lanatum (Volkova) comb. nov. , A. tor

natum (Volkova) comb. nov. , Lophosphaeridium tentativum 

Volkova, L. dubium (Volkova) comb. nov. , Tasmanites ten

ellus Volkova, T bobrowskae WaZyftska and Arehaeodiseina 

umbonulata Volkova were also recovered (VidaI 1981c ;  Mo
czydl'owska & VidaI 1 986) . Based on acritarch evidence this 
part of the File Haidar Formation was regarded as Holmia 

A-B or B in age (Vidal 1981b, e, 1 985; Moczydl'owska & 
Vi dal 1 986) . However, the assemblage may be correlated 
with similar assemblages from the Vergale horizon in the 

U.S.S.R. and the Heliosphaeridium dissimilare - Skiagia eiliosa 

Assemblage-zone in the Lublin Slope (Moczydl'owska 1989; 

Fig. I l ) .  If this eorrelation is correct, the sampled part of 
the sequenee belongs to the Holmia inusitata/ Holmia kjeruifi 

Zones. This also suggests that the range of the Mobergella 

fauna overlaps with that of the Holmia inusitata/ Holmia 

kjeruifi Zones. Besides the Mobergella fauna there is no good 
faunistic evidence for establishing the lower range of the 
File Haidar Formation in the Kalmarsund area. 

A reeent aeritarch study by Hagenfeldt ( 1 988, 1 989a, b) , 
dealing with Lower and Middle Cam brian subsurface se

quences underlying the Island of Gotland, the Island of 
Gotska Sandon, the Gulf of Bothnia, and additionally SUf

face exposures in south central Sweden, provided abun

dant and age-diagnostie assemblages. The sequence pene

trated on Gotland and Gotska Sandon is attributed to the 

File Haidar Formation (Bergstrom & Gee 1 985) and 
yielded acritarch assemblages comparable to those pre

viously recovered from the Lower Cambrian Vergale and 
Rausve horizons and the Middle Cam brian Kibartai hori

zon in the U .S .S .R. (Hagenfeldt 1 988, 1 989a, b) . The inves

tigated sections seem to indicate that the basal Lower Cam
brian sequence in the Gotland area is contemporaneous 
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with the Vergale horizon in the EEP. Thus, the lower part 
of the File Haidar Formation cannot be older than the 
Holmia inusitata/ Holmia kjeruifi Zones (Moczydl'owska 

1 989; Fig. I l  ) .  Extension of the lower biostratigraphieally 

inferred range of the formation down to the Platysolenites 

antiquissimus Zone (Bergstrom 1 98 1 ;  Bergstrom & Gee 
1 985; Mens et al 1 990) is in disagreement with individual 
acritarch-based biostratigraphy (Vidal 1 981b ,  c; Vidal in 

Bergstrom & Gee 1 985, p. 252; Moczydl'owska & Vida1 1 986; 
Hagenfeldt 1 988, 1 989a) . 

Wistergotland and Oster gotland 

In south-central Sweden (Vastergotland, Ostergotland and 

Narke) the File Haidar Formation comprises the Miekwitzia 

Sandstone and the Lingulid Sandstone loeal members 
(Westergård 1 940; Martinsson 1 974; Bergstrom 1 98 1 ;  Berg
strom & Gee 1 985) . In this region, the thickness of the 
formation is variable, ranging from 16 to 38 m (Westergård 
1 940; Thorslund & Jaanusson 1 960; Eklund, 1 990) . The 
formation consists of fine-grained sandstones and siltstones 
which rest on the erystalline basement and are overlain by 
Middle Cam brian rocks (Westergård 1 940; Martinsson 
1 974; Bergstrom & Gee 1 985; Eklund, 1 990) . 

The Miekwitzia Sandstone Member locally contains con

glomerates at the base (Moberg 1 9 1 1 ;  Hogbom & Ahlstrom 
1 924; Westergård 1 940; Martinsson 1 974; Vida1 1981b; Ek

lund 1 990) . The nature of the junction between the two 
members is the subject of much discussion.  The junction 
was regarded as transitional (e .g .  Westergård 1 940; Mar
tinsson 1 974; Wikman et al 1 980; Vida1 1 985; Eklund 1 990) , 
but the presenee of a stratigraphic hiatus has also been 
proposed (e .g .  Bergstrom 1 98 1 ;  Bergstrom & Gee 1 985; 
Mens et al 1 990) . The Lingulid Sandstone Member is over
lain by glauconitic and phosphatic sandstones belonging to 
the Middle Cambrian Eeeaparadoxides oelandicus Stage 
(Westergård 1 940; Martinsson 1 974; Bergstrom & Gee 

1 985; Eklund 1 990) . 

The faunal record of the Miekwitzia Sandstone Member 
includes Miekwitzia monilifera Linnarsson, Mobergella spp . ,  
Volborthella tenuis Schmidt, TorelIelIa laevigata (Linnarsson) , 
Paleomerus hamiltoni Størmer, trace fossils including Cruzi

ana, Rusophycus, Diplocraterion and Teiehiehnus, and the 
problematie sand-bodied Spatangopsis and Protolyellia (Nat
horst 1881 , 1 886; Wiman 1 903; Westergård 1 940; Berg
strom 1 971 , 1 98 1 ;  Martinsson 1 974; Ahlberg et al. 1 986; 
Jensen 1 990) . The member was referred to the Sehmidtiellus 

miekwitzi Zone (Bergstrom 1 98 1 ;  Bergstrom & Gee 1 985) . 

The Lingulid Sandstone Member yielded Holmiella sp. 

and Holmia grandis Kiaer, and on the basis of the latter, the 

sequence has been referred to the Holmia kjerulfogroup 

Zone (Bergstrom 1 98 1 ;  Ahlberg 1 984; Bergstrom & Gee 

1 985; Ahlberg et al. 1 986) . 

Neither member has yielded a fauna diagnostic of the 

Holmia inusitata Zone. Nevertheless, the absence of fauna 

has been taken to support the existence of a hiatus separat

ing both members (Bergstrom 1 98 1 ;  Bergstrom & Gee 
1 985; Mens et al. 1 990) . This point of view is, however, not 
supported by sedimentologic observations (Westergård 

1 940; Wikman et al. 1 980; Eklund 1 990) and the continu-
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ous nature of acritarch successions in Våstergotland (Vidal 

1981b ,  1985; Moczydlowska & Vidal 1 986) and Ostergot

land (Eklund, 1 990) . 
In Ostergotland, the acritarch succession in the Mick

witzia and Lingulid Sandstones seems continuous and over
lapping, probably indicating a very condensed sequence 
(Eklund 1 988, 1990) . The continuity of the Ostergotland 
succession is confirm ed by a comparison with the assem
blages in the sedimentologically continuous sequence of 
the Vergale and Rausve horizons in the U.S .S .R. (Volkova 
et al. 1979, 1983; Aren et al. 1979a; Bessonova & Piscun 
1 979; Kirjanov 1979; Mens & Pirrus 1 979) . Some of the 
acritarch species in these members (e .g . ,  Comasphaeridium 

molliculum, C. brachyspinosum, Fimbriaglomerella minuta and 
F. membranacea) seem to have more comprehensive ranges, 
a feature that was not previously recorded in time-equiva
lent sequences where the rate of sedimentation was obvi
ously higher (e .g. the Lublin Slope; Fig. 5 ) . 

The Mickwitzia Sandstone Member in Ostergotland con
tains a diagnostic association of acritarchs that includes 
Comasphaeridium brachyspinosum (Kirjanov) Moczydlowska 
& Vidal , C. strigosum (Jankauskas) Downie, C. molliculum 

Moczydlowska & Vidal, Globosphaeridium cerinum (Volkova) 
comb. nov. , Goniosphaeridium primarium (Jankauskas) 

Downie, Tasmanites bobrowskae WaZyilska, T. volkovae Kir
janov, Skiagia orbiculare (Volkova) Downie , S. ornata (Vol
kova) Downie , S. compressa (Volkova) Downie, S. ciliosa 

(Volkova) Downie, Pterospermella solida (Volkova) Volkova, 
Cymatiosphaera postii (Jankauskas) ]ankauskas, Multiplici

sphaeridium dendroideum (Jankauskas) ]ankauskas & Kir

janov, Estiastra minima Volkova, Heliosphaeridium dissimilare 

(Volkova) comb. nov. , Asteridium spinosum (Volkova) 
comb. nov. and Dictyotidium priscum Kirjanov & Volkova 
(Eklund 1990) . This assemblage allows comparison with 
the assemblage recorded from the Vergale horizon in the 
U.S.S .R. (Eklund 1 990) . 

The Lingulid Sandstone Member yielded Deunffia dentif 

era (Volkova) Downie, Baltisphaeridium latviense Volkova, 
Pterospermella vitrea (Volkova) Volkova and Leiovalia tenera 

Kirjanov, all ofwhich are diagnostic for the Rausve horizon 
(Eklund 1990) . However, the uppermost part of the Lingu
lid Sandstone in Ostergotland was suggested to range into 

the Middle Cambrian (Eklund 1 990) . Acritarchs from the 
uppermost part of the Lingulid Sandstone in outcrop at 
Kvarntorp, Nårke , did not provide decisive data to establish 
the age of this part of the unit (Hagenfeldt 1 988, 1 989a) . 

In Våstergotland, the basal part of the Mickwitzia Sand
stone yielded an acritarch assemblage including Comasphae

ridium brachyspinosum (Kirjanov) Moczydlowska & Vidal, 
Goniosphaeridium primarium (Jankauskas) Downie, Globo

sphaeridium cerinum (Volkova) comb. nov. , Skiagia orbiculare 

(Volkova) Downie, S. ornata (Volkova) Downie, S. compressa 

(Volkova) Downie, S. ciliosa (Volkova) Downie, Lophosphae

ridium dubium (Volkova) comb. nov. , Tasmanites tenellus 

Volkova, T. bobrowskae WaZyilska, Dictyotidium priscum Kir

janov & Volkova, and Cymatiosphaera postii (Jankauskas) 

]ankauskas (Vidal 1981b ,  c; Moczydlowska & VidaI 1 986) . 
The assemblage was referred to the Holmia A-B or B-C 

(respectively, Vidal 1981b ,  c, 1 985; Moczydlowska & Vidal 
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1 986) . It i s  here considered a s  suggesting time-equivalence 
with the Vergale horizon (Moczydlowska 1 989; Fig. 1 1 ) .  

The Lingulid Sandstone Member contains acritarchs in

cluding Skiagia orbiculare (Volkova) Downie, S. compressa 

(Volkova) Downie, S. ciliosa (Volkova) Downie, Goniosphae

ridium primarium (Jankauskas) Downie, G. varium (Vol
kova) Downie, G. implicatum (Fridrichsone)  Downie, Lopho

sphaeridium dubium (Volkova) comb. nov. ,  L. tentativum 

Volkova, Asteridium lanatum (Volkova) comb. nov. , Helio

sphaeridium dissimilare (Volkova) comb. nov. , H. obscurum 

(Volkova) comb. nov. ,  Dictyotidium priscum Kirjanov & Vol
kova, Pterospermella solida (Volkova) Volkova, Leiovalia tenera 

Kirjanov, and Tasmanites volkovae Kirjanov (VidaI 1 981b ,  c ;  
Moczydlowska & Vidal 1 986) . The assemblage was referred 
to as being of Holmia B or C age (Vidal 1981b, c ,  1 985; 
Moczydlowska & Vidal 1 986) . In this paper the assemblage 
is regarded as correlative with the Vergale horizon (Moczy
dlowska 1 989; Fig. 1 1 ) .  

In Ostergotland and Våstergotland,  acritarch evidence 
suggests that the basal part of the Mickwitzia Sandstone is 
time-equivalen t to the Vergale horizon (Fig. I l ) .  Based on 
the record of Mickwitzia, Mobergella, Volborthella and the 
trace fossil Cruziana dispar, the Mickwitzia Sandstone was 
referred to the Schmidtiellus mickwitzi lone (Bergstrom 
1981 ) .  The reason for this assumption was the co-occur
rence of the mentioned fossils with Schmidtiellus mickwitzi 

and Holmia mobergi in other sections, e .g .  in the Mjøsa 
region, Scania and Estonia (Bergstrom 1 98 1 ;  Ahlberg et al. 

1986) . However, taxa recorded in the Mickwitzia Sandstone 
have wide stratigraphic ranges, and their occurrence seems 
to be facies-controlled (Martinsson 1 974; Landing et al. 

1 980; Bengtson & Fletcher 1 983; Landing 1 988a, b; Brasier 
1989) . Thus, this indirect correlation may be uncertain 
(Bergstrom 1 98 1 )  and it appears likely that the Mickwitzia 

Sandstone belongs to the Holmia inusitata and/or Holmia 

kjeruifi lone (Moczydlowska 1 989; Fig. I l ) .  This point of 
view is supported by the occurrence of acritarch assem
blages in common with the Holmia inusitatal Holmia kjeruifi 
lones in the other seq uences in Scandinavia (Vidal 1981  b ,  
c ;  Moczydlowska & Vidal 1 986; Fig. 1 1 ) ,  the Heliosphae

ridium dissimilare - Skiagia ciliosa Assemblage-zone in Po
land (Moczydlowska 1 989; Fig. 5) and the Vergale horizon 

in the U.S .S .R. (Volkova et al. 1 979, 1 983) . 

The Lingulid Sandstone was referred to the Holmia kje
ruifi-group lone on the basis of a single record of Holmia 

grandis Kiaer deriving from the upper part of the sequence 
in Våstergotland (Bergstrom 1981 ; Ahlberg 1 984; Ahlberg 
et al. 1 986) . Acritarch data from Våstergotland allow refer
ring also this part of the unit to the Holmia kjerulfogroup 
lone elsewhere in Scandinavia (Vidal 1981  b, c ;  Moczy
dlowska & Vidal 1 986) , the Heliosphaeridium dissimilare 

Skiagia ciliosa �semblage-zone in Poland (Moczydlowska 

1989; Fig. 5) a�d the Vergale horizon in the U.S .S .R. (Fig. 
1 1 ) .  In Ostergotland, the Lingulid Sandstone additionally 

contains an acritarch assemblage diagnostic of the Rausve 

horizon in the U.S .S .R. (Eklund, 1 990) and the Volkovia 

dentifera - Liepaina plana Assemblage-zone in Poland (Mo
czydlowska 1 989; Fig. I l ) .  Thus the Lingulid Sandstone 

seems to have a wider biostratigraphic range including the 

Holmia kjeruifi and Proampyx linnarssoni lones in Baltoscan-
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dia, the Rausve horizon in the U.S.S .R. ,  and the Protolenus 

zone in Poland (VidaI 1981c; Moczyd�owska & Vida1 1986; 
Eklund 1 988, 1990; Moczyd�owska 1 989; Fig. 1 1 ) .  Further
more , the uppermost part of the Lingulid Sandstone is 
referred to the Kibartai horizon in the U.S .S.R. (Eklund 
1988, 1990) , which corresponds to the Middle Cambrian 
Eecaparadoxides oelandieus Zone (Keller & Rozanov 1 979b) . 

The transitional contact between deposits containing 
Rausve-like and Kibartai-like assemblages in Ostergotland 
indicates a continuous passage from the Lower to Middle 
Cam brian within the Lingulid Sandstone (Eklund 1988, 
1990) . This raises questions about the nature of a pre
viously proposed hiatus at the slightly higher contact be
tween the Lingulid Sandstone and the Alum Shale Forma
tion (Martinsson 1 974; Bergstrom 198 1 ;  Bergstrom & 
Ahlberg 1 98 1 ;  Ahlberg 1 984; Bergstrom & Gee 1 985; Mens 
et al. 1990) . 

Lake Mjøsa Region 

In the Lake Mjøsa region, southern Norway, the Lower 
Cam brian sequence consists, in ascending order, of the 
Vangsås Formation, the Brennsæter Shale and the Bråstad 
Sandstone ( l aa beds) , the Bråstad Shale ( l a�) , the Holmia 

Shales ( I ba) , and the E\jevik Limestone ( l b�)  (Braastad 
19 15 ;  Kiaer 1 9 1 6; Vogt 1924; Strand 1929; Henningsmoen 
1956; Skjeseth 1 963; Bjørlykke et al. 1967, 1 976; Martinsson 

1974; Bjørlykke 1 978; Bergstrom 1981 ; Nystuen 1 982, 1987; 
Bergstrom & Gee 1 985; Dreyer 1988; Vidal & Nystuen 199 1 ;  
Fig. 1 1  herein) . The discrete formations are separated 
partly by transitional contacts or by unconformities com
prising possible hiati (Fig. 1 1 ) .  The Lower Cambrian is 
overlain with angular erosional disconformity by Middle 
Cambrian strata (Skjeseth 1968; Bjørlykke 1974, 1983) . 

The lowermost unit in the sequence is the Vangsås Forma
tion . In the northern part of the Lake Mjøsa region this 

formation overlays the Ekre Shale formation with conform

able contact, while in the southern part of the region the 
contact is an erosional disconformity (Skjeseth 1 963; Bjør

lykke et al. 1976; Bjørlykke 1 978; Nystuen 1 987; Dreyer 
1 988) . The boundary between the formations is diachron
ous and reflects the progradation of the sedimentary basin 
during the marine transgression in the ' sparagmite '  basins 
(Bjørlykke et al .  1 976; Nystuen 1 982, 1987; Dreyer 1988) . 

The contact between the Vardal Sandstone Member and 
the overlying Ringsaker Quartzite Member of the Vangsås 

Formation is conformable and gradual (Bjørlykke 1982;  

Nystuen 1 982,  1 987; Dreyer 1988) . The Vangsås Formation 

is composed of deltaic and braided-stream coarse-grained 

sandstones and conglomerates with fine-grained interbeds 

in the lower part ( the 'Vardal Sparagmite ' = Vardal Sand

stone Member) and shallow marine transgressive quartzitic 
sandstones in the upper part ( the Ringsaker Quartzite 

Member) (Skjeseth 1 963; Bjørlykke et al. 1967, 1 976; Ny

stuen 198 1 ,  1 982, 1987; Dreyer 1 988) . The thickness of the 
Vardal Sandstone is variable, ranging between 200 and 
800 m, while the Ringsaker Quartzite is 40-200 m thick 

(Bjørlykke et al. 1 976; Bjørlykke 1978; Nystuen 1 98 1 ,  1982;  

Dreyer 1 988) . 
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The Vardal Sandstone is unfossiliferous with the excep
tion of very rare microfossil finds, including the cyanobac
terial Sphaeroeongregus sp. as well as the acritarchs Leiosphae

ridia sp. and Fimbriaglomerella minuta (Vidal & Nystuen 
1 990) . The latter species was considered as possibly indicat
ing an early Cam brian age for the unit (Vidal & Nystuen 
1 990) . The lower range of F. minuta is known to coincide 
with the Skiagia ornata - Fimbriaglomerella memlrranacea AB
semblage-zone in the Lublin Slope (Moczyd�owska 1 989; 
Fig. 5 ) . It may suggest that the upper part of the Vardal 
Sandstone (from which the specimens derived) corre
spon ds to this zone (Fig. 1 1 ) .  

The poor fossil record of the Ringsaker Quartzite in
cludes trace fossiIs at the top of the unit ( Skolithos, Mona

craterion and Diplocraterion) , resembling the assemblage 

from the Hardeberga Sandstone in southern Sweden (Skje
seth 1 963; Bergstrom 1 970; Ahlberg & Bergstrom 1 978; 
Bergstrom & Gee 1985) . The rocks of the member are 
generally not suitable for the preservation of acritarchs 
(Vidal 1981b) but two poorly preserved specimens of un
identifiable acanthomorph acritarchs were recorded in 
mudstones within the unit (Moczydlowska & Vidal 1 986; 
Vidal & Nystuen 1 990) . Mainly on lithostratigraphic 
grounds and the comparable occurrence of trace fossiIs, 
the Ringsaker Quartzite was regarded as a correlative of the 
Hardeberga Sandstone. It was thus referred to the Rusophy

eus parallelum Zone (Bergstrom 198 1 ;  Bergstrom & Gee 

1 985; Mens et al. 1 987, 1 990; Moczydlowska & Vidal 1 988a; 

Moczyd�owska 1 989) . However, the biostratigraphic range 
of the Vangsås Formation still remains uncertain. 

The Ringsaker Quartzite is unconformably overlain by 
the transgressive Brennsæter Shale consisting of basal con
glomerate, shales, siltstones and minor carbonates, and the 
Bråstad Sandstone made up of quartzitic sandstones which 
together form unit l aa in the Lake Mjøsa region (Vogt 
1 924; S�eseth 1963; Bjørlykke et al. 1 976; Bjørlykke 1 978; 

Bergstrom & Gee 1 985; Nystuen 1987; Dreyer 1988) . The 

thickness of the unit l aa is approximately 2-6 m (Skjeseth 

1 963; Martinsson 1974; Bjørlykke 1978) . This part of the 
sequence contains Holmia cf. mobergi Bergstrom (one frag
ment) and Mobergella holsti (Moberg) , and the trace fossil 
Cruziana dispar Linnarsson (Vogt 1 924; Skjeseth 1 963; 
Bengtson 1 968, 1 977; Bergstrom 1970, 1 973, 1 980, 1 98 1 ;  
Ahlberg & Bergstrom 1 978; Føyn & Glaessner 1979; Ahl
berg 1 984; Bergstrom & Gee 1 985) . The occurrence of 
Mobergella holsti was not confirmed by Bengtson ( 1 977) , 
who referred to it as Mobergella sp. 

The occurrence of Platysolenites antiquissimus Eichwald in 

the Bråstad Sandstone (Skjeseth 1 963; Martinsson 1 974) is 

uncertain since the beds with Platysolenites were originally 
correlated with be ds containing Volborthella (Vogt 1 924) , 

which according to Skjeseth ( 1 963) are referred to the 

overlying Bråstad Shale.  It does not seem possible to estab
lish on faunistic grounds alone the stratigraphic relation

ship between beds containing Platysolenites and those with 

Mobergella ( I aa) , succeeded by Volborthella tenuis and Hol

mia inusitata ( l a�)  in the Lake 1-fjøsa region (Vogt 1 924; 
Skjeseth 1 963; Daily 1 972; Bengtson 1977; Føyn & Glaess

ner 1 979; Ahlberg et al. 1 986) . The reason is that the 

particular fossils are scarce and they occur in discontinuous 
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sections i n  separated localities. Hence, their stratigraphic 

ranges are poorly known. The Brennsæter Shale and the 

Bråstad Sandstone ( l aa beds) were regarded to be correl
atives of the Norretorp Sandstone in Scania and were re
ferred to the Sehmidtiellus miekwitzi Zone (Bergstrom 1 970, 
1 98 1 ;  Ahlberg & Bergstrom 1 978; Ahlberg 1984; Bergstrom 
& Gee 1 985, Mens et al. 1 990) . 

Rocks of the l aa beds yielded an acritarch assemblage 
consisting of Skiagia ornata (Volkova) Downie, S. eompressa 

(Volkova) Downie, Granomarginata squamacea Volkova, 

Lophosphaeridium tentativum Volkova, Asteridium lanatum 

(Volkova) comb. nov. , Comasphaeridium strigosum (Jankau
skas) Downie, Cymatiosphaera postii (Jankauskas) Jankau
skas, and Heliosphaeridium dissimilare (Volkova) comb. nov. 
(Vidal 1981b ,  c; Moczydlowska & Vidal 1 986; Vidal & Ny
stuen 1991 ) .  The age of the l aa beds was inferred as Holmia 

A (Vidal 1981 b,c) , Holmia B (Moczydlowska & VidaI 1 986) , 
and more recently as a Vergale time-equivalent (Vidal & 
Nystuen 1991 ) .  Here , the assemblage of the l aa beds is 
regarded as correlative to the assemblage defining the 
Heliosphaeridium dissimilare - Skiagia ciliosa Assemblage
zone which corresponds to the Holmia kjeruifi Assemblage
zone in the Lublin Slope and to the Vergale horizon in the 
U.S.S .R. (Fig. I l ) .  The implications of the suggested corre
lation might be that Holmia mobergi, recorded to co-occur 
with Sehmidtiellus mickwitzi in Scania, has an overlapping 
stratigraphic range with Holmia inusitata and Schmidtiellus 

mickwitzi (cf. Bergstrom 1 98 1 ;  Ahlberg 1 984; Ahlberg et al. 

1 986) . 
The immediately overlying Bråstad Shale ( l  a� be ds ) ,  

consisting of conglomerates at the base, is composed of 

thin-bedded siltstones with a thickness from a few meters to 
1 2  m (Vogt 1 924; Skjeseth 1963) . The unit yielded fossils 
attributed to Volborthella tenuis Schmidt and trilobites attrib
uted to Holmia inusitata Ahlberg & Bergstrom ( Caltavia n.  
sp .  = Holmia n.  sp. )  (S�eseth 1 963; Martinsson 1974; 
Ahlberg & Bergstrom 1 978; Føyn & Glaessner 1 979; Berg
strom 1 980, 1981 ;  Bergstrom & Ahlberg 1 98 1 ;  Vida1 1981b ,  
c ;  Ahlberg 1 984; Bergstrom & Gee 1 985; Ahlberg e t  al. 

1986) . Possibly, Platysolenites antiquissimus Eichwald (Vogt 
1 924) also occurs in the same beds ( see comment above) . 

The Bråstad Shale is referred to the Holmia inusitata Zone 

(Ahlberg et al. 1 986) . 
The acritarch record of the Bråstad Shale is rich and 

comprises diagnostic species such as Skiagia orbiculare (Vol
kova) Downie, S. ornata (Volkova) Downie, S. eompressa 

(Volkova) Downie, S. seottiea Downie, S. ciliosa (Volkova) 
Downie, Globosphaeridium eerinum (Volkova) comb. nov. , 
Fimbriaglomerella membranacea Moczydlowska & Vidal, Coma

sphaeridium braehyspinosum (Kirjanov) Moczydlowska & 
Vidal, and C. strigosum (Jankauskas) Downie (VidaI 1 981b ,  

c ;  Moczydlowska & Vidal 1 986; Vidal & Nystuen 1991 ) .  

Based on the occurrence of this assemblage the unit was 
regarded to be of Holmia B (Vidal 1981b ,  c) , Holmia C 

(Moczydlowska & Vidal 1986) , or Vergale age (Moczydlow

ska 1 989; Vidal & Nystuen 1 99 1 ;  Fig. I l ) .  The acritarch 
assemblage of the Bråstad Shale ( l a� beds) is comparable 
to the assemblage from the Heliosphaeridium dissimilare 

Skiagia ciliosa Assemblage-zone in the Lublin Slope in Po-
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land and the Vergale horizon in the U.S .S .R. (Moczydlow
ska 1989; Fig. I l ) .  

The next succeeding unit is the Holmia Shale and the 

E"ljevik Limestone ( l ba and lb� beds, respectively) (Vogt 
1 924; Skjeseth 1 963; Bjørlykke 1 974, 1 983;  Martinsson 

1974; Bergstrom & Gee 1985 ) . Unit lb has a thickness of 
about 15-20 m and is composed of grey and green shales 
and calcareous shales passing into shales intercalated with 
limestones (Vogt 1 924; Skjeseth 1 963; Vidal & Nystuen 
1991 ) .  The Holmia Shale yielded the trilobites Holmia kje

ruifi (Linnarsson) , H. grandis Kiaer, Kjerulfra lata Kiaer, 
Strenuaeva primaeva (Brogger) , Ellipsoeephalus gripi (Kaut
sky) ?, and Runcinodiscus cf. index Rushton, and shelly fossils 
such as Torellella sp. (Kiaer 1 9 1 6; Vogt 1924; Skjeseth 1 963; 
Bergstrom 1 973a; Ahlberg & Bergstrom 1 978; Bergstrom & 
Ahlberg 1 98 1 ;  Ahlberg 1 983) . This trilobite association is 
attributed to the Holmia kjerulfogroup Zone (Bergstrom 
1 98 1 ;  Ahlberg et al. , 1986) . The E"ljevik Limestone yielded 
the trilobites Proampyx linnarssoni (Kiaer) and Eltipsoeepha

lus gripi ( Kautsky) ?, and the shelly fossil Torellelta laevigata 

(Linnarsson)  (Kiaer 1 9 1 6; Vogt 1 924; Skjeseth 1 963; Berg
strom 1 973a; Ahlberg & Bergstrom 1 978) . The sequence is 
referred to the Proampyx linnarssoni Zone (Bergstrom 1 98 1 ;  
Ahlberg et al. 1986) . 

Acritarchs deriving from rocks of the Holmia Shale ( l  ba 
beds) include, among others, Skiagia eiliosa (Volkova) 
Downie, S. eompressa (Volkova) Downie, S. seot/iea Downie, 
Dietyotidium priscum Kirjanov and Volkova, Heliosphaeridium 

dissimilare (Volkova) comb. nov. , Goniosphaeridium varium 

(Volkova) Downie, G. primarium (Jankauskas) Downie, and 
Globosphaeridium eerinum (Volkova) comb. nov. They were 
considered to indicate a Holmia B or C age (Vidal 1 981b ,  c; 
Moczydlowska & Vidal 1 986) and be time-equivalent to the 
Vergale horizon (Moczydlowska 1 989; Vidal & Nystuen, 
1991 ) .  The assemblage corresponds to the Heliosphaeridium 

dissimilare - Skiagia eiliosa Assemblage-zone in Poland (Mo
czydlowska 1 989; Fig. I l ) .  

The partly bioclastic carbonate sequence attributed to 
the Proampyx linnarssoni Zone in the Lake Mjøsa area 
(Bergstrom & Ahlberg 1 98 1 ;  Bergstrom 1 98 1 )  did not yield 
acritarchs, possibly due to extensive weathering (Moczy
dlowska & VidaI 1 986) . Thus, the biostratigraphic relation

ship of the Proampyx linnarssoni Zone with the acritarch 
zonation remains speculative . The proposed correlation 
between the Proampyx linnarssoni Zone and part of the 
Protolenus Zone in Poland and the Rausve horizon in the 
U.S.S.R. (Bergstrom 1981 ;  Mens et al. 1 990) is not satisfac
torily proven either by trilobite or by acritarch evidence. 

In areas where rocks of the Proampyx linnarssoni Zone are 
present, e .g .  Lake Mjøsa area and Scania, there is no record 
of a Rausve-Iike acritarch assemblage (Vidal 1 981  b, c ;  Mo

czydlowska & Vida1 1 986; Vidal & Nystuen 1 991 ) .  Trilobites 
of this zone are unknown outside Baltoscandia and there

fore a correlation with the trilobite zones elsewhere is 

indirect (Bergstrom & Ahlberg 1 98 1 )  and uncertain. The 

Rausve horizon has no known trilobites except for a find of 

Ellipsoeephalus sp. (Aren et al. 1979a; Keller & Rozanov 

1 979b) . It contains a diagnostic acritarch assemblage which 

is comparable to the acritarch assemblage from beds of the 

Protolenus zone (Volkova 1 973; Volkova et al. 1 979, 1 983) . 
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The Protolenus zone has yielded trilobites attributed to King

aspis ( Kingaspis) borealis Lendzion, Ellipsocephalus hoffi 

(Schlotheim) , and Protolenus sp. (Lendzion 1 983a, b) . 
In Baltoseandia and in the EEP in Poland and the 

U .S.S.R. ,  rocks attributed to the Proampyx linnarssoni Zone, 
Protolenus zone and the Rausve horizon are underlain by 

time-equivalent strata which have yielded comparable trilo
bite faunas and acritarch assemblages. In Baltoseandia and 
in Poland they are referred to the Holmia kjerulji Assem
blage-zone, while in the U.S.S .R. they are referred to the 
Vergale horizon (Volkova 1973; Volkova et al. 1979, 1983;  
Keller & Rozanov 1 979b; Vidal 1981b, c ,  1985; Lendzion 
1983a, b; Ahlberg et al. 1986; Mens et al. 1 990) . 

Strata attributed to the Proampyx linnarssoni Zone have 
no trilobites or acritarchs in common with beds referred to 
the supposedly time-equivalent Protolenus zone and Rausve 

horizon. Accordingly, the Proampyx linnarssoni Zone may be 
of a different age . It is possible that rocks referred to the 
Proampyx linnarssoni Zone could be attributed to the Holmia 

kjerulji Assemblage-zone. The implication of this would be 
that the Proampyx linnarssoni fauna might be part of the 
fauna complex defining the Holmia kjerulji Assemblage
zone. 

Systematie palaeontology 

Classification 

Acritarchs are classified under an informal nomenclatural 
grouping - the Group Acritarcha Evitt, 1963 (Evitt 1963; 

Downie et al. 1 963; Loeblich 1 970; Eisenack et al. 1973;  
Tappan 1980) . It is generally accepted that they derive 
from plant protists, and so their taxonomy follows the 
International Code of Botanical Nomenclature (Downie et al. 

1961 , 1963; Loeblich 1 970; Tappan 1980) . The informal 
taxonomic treatment results in name com bi nations that 
represent form-genera and form-species erected on the 
basis of morphological criteria alone. 

Severai different systems of classification were intro
duced during the course of pioneering studies. The micro
fossiIs were classified in morphological subgroups that in
clude genera and species (Downie et al. 1 963; Staplin et al. 

1 965; Timofeev 1 966, 1969) . However, such subgroups lack 
practical significanee for taxonomic purposes. Additional 
attempts to create new entities ( such as 'Paraordo, Para
familia, Parageneres, Paraespeees ' )  clearly deviate from a 

Linnean elassification system (Deflandre & Deflandre 
1964) . These taxonomic entities are not recognized by any 

existing nomenclatural code and they are therefore in

valid, while under the code of botanical nomenelature , 

form-genera have the same status as Linnean genera. This 

is particularly true in the case of acritarchs and dinoflagel

lates, as the encysted and motile stages of the life cyele of 
the organism concerned are of equal importance, repre

senting the total organism during at least a part of its 

ontogenetic development (Loeblich 1970) . Classifications 

treating acritarchs according to Linnean taxonomy (using 

elass, order, family, genus and speeies) have also been 
proposed (Midler 1 963; Eisenack 1 963b, 1969) . 
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At the present stage , some acritarch genera are attrib
uted to extant al gal families. This applies for example to 
Leiosphaeridia, Tasmanites, Cymatiosphaera and Pterospermella 

(Loeblich & Wicander 1976; Tappan 1 980) , which as fossil 
genera were referred to the Prasinophyta among the green 
algae . Hence, although referred to fossil genera and fami

lies, they are placed among contemporaneous orders in the 
families Leiosphaeridiaceae ,  Tasmanitaceae, Cymatio
sphaeridiaceae and Pterospermellaceae (Tappan 1 980) . 
The genus Tasmanites was referred to the algae in early 
papers by Newton ( 1 875 ) , Sommer ( 1 956) , Wall ( 1 962) 
and Midler ( 1 963) . Transmission electron microscopy 
studies of the wall ultrastructure of these microfossils (Jux 
1 968, 1 969a, b) confirmed the similarity of tasmanitids to 
the modem prasinophycean genera Pachysphaera and Hal{}

sphaera. This notion was, however, formerly suggested by 

Wall ( 1 962) . 
In contrast to the perforated wall observed among 

tasmanitids (�ellstrom 1 968) and the layered wall of 
Pachysphaera and Halosphaera (Jux 1 969a, b) , the species of 
Leiosphaeridia (referred to contemporaneous Halosphae
raceae ; Wall 1 962) possesses a homogeneous wall (Jux 
1 969b) . Other Palaeozoic acritarchs ( Baltisphaeridium, Pete

inosphaeridium, Goniosphaeridium) also display a wall ultra
structure consisting of densely spaced radially arranged 
canals in the wall which resembles the wall of tasmanitids 
(Jux 1971 ) .  This suggests that many acritarchs could per
haps be elosely related to the Prasinophyceae (Jux 1 97 1 ; 
Tappan 1 980) . Hitherto , studies on the chemical composi
tion and ulttastructure of the organic wall of the acritarchs 
have been undertaken only on a few genera (Eisenack 
1 938, 1963b; Timofeev 1 956; �ellstrom 1 968; jux 1 968, 
1 969a, b ,  1 97 1 ;  Colbath 1 983; Bloeser 1 985 ) . The available 
data are insufficient to have an impact on the biological 
affinity of the whole group. 

In this paper, only form-genera and form-species are 
considered, and they are arranged in alphabetie order as 
suggested by Loeblich ( 1 970) and practiced by others 
(Loeblich & Wicander 1 976; Loeblich & Tappan 1 978; 
Vidal 1976a, 1979b, 1981 a; Vidal & Siedlecka 1 983; Vidal & 
Ford 1985; Tappan 1 980; Wicander 1 983; Wicander & 
Playford 1 985 ) . 

Taxonomic remarks 

Assemblages of microphytoplankton from Cam brian de
posits include abundant species of the small acanthomor

phic acritarch Micrhystridium (Volkova 1 968, 1969b; Vol
kova et al. 1 979; Gardiner & Vanguestaine 1971 ; Downie 

1 974, 1 982; Kirjanov 1 974; Vanguestaine 1 974, 1 978; jan

kauskas 1 975, 1976; jankauskas & Posti 1 976; Pyatiletov 

1 976; PaskeviCiene 1 980; Vidal 1 98 1 a, b; Moczydl'owska 

1981 ,  1 988a; Erkmen & Bozdogan 1 981 ; Welsch 1 986) . 

Diagnostic features common to these speeies are the mor

phology of the central body and proeesses, as well as the 

small dimensions, the diameter of the central body being 

generally less than 20 JIm. Morphological variability con
cerns the general shape and distribution of the proeesses, 

the shape of their proximal base and distal terminations, 
and the presenee or lack of communication between the 
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D e f l a n d r e ,  1 9 3 7  S t a p l i n ,  1 9 6 1  D o w n i e ,  S a r j e a n t  S t a p l i n ,  J a n s o n i u s ,  D e f l a n d r e ,  1 9 6 6  S a r j e a n t ,  1 9 6 7  
1 9 6 3  P o e o e k ,  1 9 6 5  

V e s i e l e  g l o b u l a r  s u b s p h e r i e a l  s p h e r i e a l  o r  o v a l  s u b s p h e r i e a l  t o  g l o b u l a r  s p h e r i e a l  t o  o v a l  
t o  s p h e r i e a l  not d i v i d e d  i n t o  s u b p o l y g o n a l  n o t  d i v i d e d  i n t o  

f i e l d s  o r  p l at e s  f i e l d s  o r  p l a t e s  

P r o e e s s e s  v a r i a b l e  appen- s i m p l e  spines ge- s i m p l e ,  b r a n e h i n g  s e v e r a i  t o  n u m e r o u s  s i m p l e ,  s h a r p  s i m p l e ,  b r a n e h i n g  or 
d a g e s  n e ra l l y  u n  i f o r m ,  o r  r a m i f y i n g ,  o n e  h o l l o w  s p i n e s ,  e l o- p o i n t e d ,  s l e n d e r  r a m ifying,  w i t h  e l o -

n u m e r o u s ,  b a s e s  type,  w i t h  e l o s e d  sed at t h e  t i p s ,  n e v e r  c o n n e ct e d  s e d  t i  p s ,  w i t hout 
s o m e t i m e s  a r ra n- t ipS,  without d i - s p i n e s  b r o a d l y  t o  d i s t a l  e o n n e etions 
g e d  i n  a s u b p o l y - stal  e o n n e e t i o n s  n a r r o w l y  e o n i e a l  
g o n a l  pattern,  
t a p e r i n g  to tubu-
l a r ,  t i p s  e l o sed 

S i z e  v e s i e l e  l e s s  t h a n  m e a n  a n d  m o d a l  s m a l l  to m o d e r a t e  v e s i e l e  l e s s  t h a n  p r o e e s s e s  l e s s  t h a n  
2 0  ,o m  d i a m e t e r  of s h e  I l  v e s i c l e  2 0 ,u m  2 0  ,om 

less t h a n  2 0  jJ m  

C o m m u nica- proeesses e a v i t y  
t i o n  o f  v e - o p e n i n g  i n t o  a n d  
s i e l e  a n d  c o n t i n u o u s  w i t h  
proeesse s v e s i c l e  inter ior  

E x e y s t ment prob a b l y  o p e n i n g  c r e s c e n t i c  to horse-
b y  d e h i s e e n e e  o r  s h o e - s h a p e d  o p e n i n g  
l i n e  e q u a t o r i a l  or i r r e g u l a r  , no py-
rupture,  no p y lo- l o m e  o r  arehaeopyle 
me o r  a r e h a e o p y l e  

Strueture o f  no d ifferenl iat ion 
w a l l  i n  w a l l  strueture 

between spines and 
vesiele 

Fig. 12. Comparative table of diagnostic features for the genus Micrhystridium Deflandre, 1937. 

processes and central body cavity. Other important fea
tures are the proportions between the diameter of the 
central body and the length of processes. 

The gen us Micrhystridium Deflandre , 1 937, was erected to 
embrace organic-walled microfossils from Cretaceous 
rocks. The diagnosis was simple and referred only to very 
generalized morphological features (Deflandre 1937, p .  

31 ;  Fig. 1 2) .  Despite the obviously insufficient description, 
different morphological species, from deposits ranging in 
age from early Palaeozoic to Recent (Downie & Sarjeant 
1 964) , have been incorporated in the genus Micrhystridium. 

The genus has thus become a taxonomic 'waste basket' 
(Loeblich 1970) and been regarded as stratigraphically 
persistent (Sarjeant 1 967; Eisenack et al. 1 979a) . The gre at 
morphological and dimensional diversity of the various 
fossil microorganisms referred to Micrhystridium was the 
direct cause of subsequent emendations of the genus (Fig. 
1 2) .  

Inadequate consideration has be en given to the particu
lar diagnostic features of Micrhystridium (cf. Eisenack et al. 

1979a, b) . Therefore, it may seem that no part of the above 
mentioned diagnosis (Fig. 1 2 )  is completely satisfactory. 
Various species of micrhystrids from Jurassic and Creta
ceous units ( the latter including the original material for 

the genus Micrhystridium) have a two-Iayered vesicle wall .  

The processes are formed as projections of the outer layer 
or by both layers of the vesicle (Sarjeant 1 967; Eisenack et 

al. 1979a) . This important feature has never be en men

tioned in previous diagnoses. On the other hand, introduc
ing the limitation of the overall dimensions among the 

diagnostic features of the genus seems of doubtful taxo

nomic value. This is because microfossils possessing the 
generic features display significant dimensional variability. 

These conditions were noted by numerous authors (e .g. 
Staplin 1961 ;  Loeblich 1 970; Cramer & Diez 1972; Wican
der 1974; VidaI 1976a) . The intraspecific size range among 
modem phytoplankton taxa is wide (Loeblich 1970) , 
which turns the diagnostically chosen dimensional limit of 
20 pm worthless from a biological and taxonomic point of 
view. This is particularly important concerning acritarchs 

since the group is probably polyphyletic (Downie et al. 

1963; Loeblich 1970; Eisenack et al. 1 973; Tappan 1980) 
and thus unlikely to be taxonomically related (despite 
superficial morphological similarity) over hundreds of mil
lions of years. Looking at the appearance in the geologic 
record of morphologic features characteristic of microfos
sils referred to micrhystrids, the surface sculpture of the 
wall and processes and the excystment are known since the 
Ordovician (Loeblich & Tappan 1969; Eisenack et al. 

1979a) . The two-Iayered vesicle wall is observed among 
various species from the Jurassic and Cretaceous (Sarjeant 
1 967; Eisenack et  al. 1 979a) . 

The morphologies of Cam brian acritarchs referred to 
Micrhystridium match only the generalized features in the 
generic description . They include species with hollow pro
cesses communicating with the central body cavity as well 
as species with processes clearly separated from the interior 

of the vesicle . Among all the available emendations of the 

original diagnosis of Micrhystridium, only that of Staplin et 

al. ( 1 965) indicated that the processes have free communi

cation with the vesicle cavity. However, the existence of 
forms with solid processes has never been mentioned. Con

trary to the micrhystrids occurring in the later Palaeozoic 

(cf. Eisenack et al. 1 979a) , the double-Iayered wall ,  excyst

ment structures, and sculpture of wall or processes have 
never been observed in Cambrian species. 
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As seems the case with dinoflagellates (Evitt 1 985) , the 
geological record of acritarchs may represent a biased and 
selective fraction of the biological cycles of taxonomically 
more or less closely related al gal clades among the phyto
plankton (cf. Tappan 1 980) . Information concerning the 
ultrastructure of the vesicle and the chemical composition 
of micrhystrids, as possible indicator of their biological 
affinity, is not available at the moment. Thus it seems 
uncertain and probably unlikely that Cambrian (Downie 
1974; Potter 1 974; Volkova et al. 1 979; Vida1 1981a, 1981b; 

Moczydl'owska & Vida1 1 986) and Mesozoic or Tertiary and 
Pleistocene (Downie & Sarjeant 1 964; Sarjeant 1 967) form
taxa referred to Micrhystridium are interrelated. These 
forms are morphologically different and they are separated 
in time by hundreds of millions years. Hence I conclude 
that the Cam brian acritarchs studied herein, previously 
described under the generic name Micrhystridium, should 
be referred to other genera. 

My proposal is to transfer them to the two new form-gen
era Asteridium n.gen. and Heliosphaeridium n.gen. Asteridium 

includes species possessing solid proeesses separated from 
the interior of the vesicle, while species having hollow 

processes communicating with the central body cavity are 
referred to Heliosphaeridium. High power interferenee con

trast microscopy has failed to disclose excystment features 
or any surface sculpture in either genus. SEM micrography 
of one of the species concerned (Asteridium lanatum (Vol
kova) comb. nov. )  shows clearly the smooth nature of the 
surface (Knoll & Swett 1 987, Fig. 8 :7) . Consequently, the 
two new genera differ from Micrhystridium by having a 
single-Iayered vesicle wall and by lacking surface sculpture 
and excystment. Additionally, Asteridium differs from Coma

sphaeridium Staplin, Jansonius & Pocock, 1 965, by the defi
nitely smaller dimensions of the vesicle and the morphol
ogy of the processes. 

Acritarchs referred to the Cam brian species Ballisphae

ridium eerinum Volkova, 1 968, have solid processes. They 
thus differ from the genus Ballisphaeridium Eisenack, 1 958, 
emend. Eisenack, 1 969, which possesses proeesses with an 
inner cavity and are known to occur from the early Ordovi
cian (cf. Eisenack et al. 1 979a, b) . Specimens of Baltisphae

ridium eerinum and similar species are herein transferred to 
the new genus Globosphaeridium n.gen. This genus collects 
specimens having solid processes without an inner cavity. It 
differs from Asteridium n.gen. by the larger dimensions of 
the central body and longer processes. It additionally dif
fers from Comasphaeridium Staplin, Jansonius & Pocock, 
1 965, by possessing less numerous, loosely distributed pro

cesses, and from ElektDriskos Loeblich, 1 970, by laeking 

ornamentation on the wall .  

Palaeon tologic descri ptions 

In the systematic part of this paper incomplete synonymies 

are given concerning data from the U.S .S.R. Only original 

descriptions and subsequent emendations will be cited; for 

further data the reader will be referred to reports by Vol
kova et al. ( 1 979, 1 983) from the EEP and to additional 
reports concerning the Lublin Slope. The occurrences of 

species in the U .S .S .R. part of the EEP are given in abbre-
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viated form. Detailed geographie distribution and strati
graphic ranges of species have been published by Volkova 
et al. ( 1979, 1 983) . In this paper the Rovno 'horizon' is 
regarded as part of the U pper Proterozoic, being late Vend

ian in age as suggested by the evidence provided by non
shelly fauna and acritarchs (Rozanov & Sokolov 1 980, 1 982;  

Sokolov & Ivanovsky 1 985; Sokolov & Fedonkin 1 985; Vol
kova 1 985; Moczydl'owska & Vidal 1 986; Moczydl'owska 
1 989; Fig. 1 0 ) . The range of the Platysolenites antiquissimus 

Interval-zone in the Lublin Slope is considered to include 

the uppermost part of the former Sabellidites Zone (Figs. 6, 
8) . 

The Holmia and Protolenus informal zones are given as 
' s . l . '  ( sensu lata) in the lists of occurrences. This is because 
the zones have not been satisfactorily established and have 
only been referred to as the Kaplonosy and Radzyn forma
tions (AreD. & Lendzion 1 978; Lendzion 1 983a, b; see 'Ven
dian and Lower Cam brian biostratigraphy in the Lublin 

Slope ' ;  Fig. 8) . Thus the occurrences of a number of spe

cies reported by Volkova ( 1 969a, b) and Volkova et al. 

( 1 979, 1 983) were not established with enough precision. 

Group Acritarcha Evitt, 1963 

Genus Alliumella Vanderflit, 1971  

Type species. - Alliumella baltiea Vanderflit, 1971 , in Umnova 
& Vanderflit, pp. 69-70, Pl. 2 :42-48. 

Alliumella baltiea Vanderflit, 1971  
Pl. 31 

Synonymy. - 0 1971  Alliumella baltiea Vanderflit gen . et sp. 
nov. - Vanderflit in Umnova & Vanderflit, pp. 69-70, Pl .  
2 :42-48 . 0 1974 Alliumella balliea Vanderflit, 1971  -

Vanguestaine, Pl .  l :  l O. 0 1978 Alliumella baltiea Vanderflit, 
1 97 1  - Vanguestaine, Pl. 4:8-10 .  0 1 979 Alliumella baltiea 

Vanderflit, 1971  - Volkova et al. , p. 34, Pl. 28 :7-1 l .  

Material. - Eleven welJ-preserved specimens. 

Description. - Smooth bulb-shaped central body with a ta
pering, more slender portion which develops into a single 
straight process. The single process has a widened proxi
mal region and tapers towards the distal part, which is 
sharp-pointed or blunt (broken?) . 

Dimensions. - N=l l .  Diameter of central body 20-26 11m, 

x=22.36±0.45 11m, 0"=1 .50 11m; length of processes 6-8 11m, 
x=7 . 1 8±O .22 11m, 0"=0 .75 11m. 

Present reeord. - Poland, Lublin Slope of the EEP: drilIcore 

Lopiennik IG-1 , Kaplonosy and Radzyn formations - Lower 

Cambrian, Volkovia-Liepaina Zone . 

Oeeurrence and stratigraphie range. - Poland, Lublin Slope , 

drillcore Radzyn IG-1 : Lower Cambrian, Holmia and Prl>

tolenus zones (s . I . ) ,  Middle Cambrian, Eeeaparadoxides oelan

dicus and Paradoxides paradoxissimus Zones; Podlasie De
pression,  drillcore Bial'a Podiaska l and Podborowisko l :  
Lower Cambrian, Holmia zone (s . I . ) ,  drillcore Okuniew 
IG-1 : Lower Cambrian, Protolenus zone (s .l . )  and Middle 
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Cambrian, Eccaparadoxides oelandicus Zone (Volkova et al. 

1979; Moczydlowska 1981 ) .  USSR, the EEP: Lower Cam

brian, Vergale and Rausve horizons, Middle Cambrian, 

Kibartai horizon (Volkova et al. 1 979) ; Kazakhstan, Maly 

Karatau, Shabakty Formation: Lower Cambrian (Ogur

tsova 1 985) . Sweden, Våstergotland, File Haidar Forma

tion, Lingulid Sandstone Member: Lower Cam brian, Hol

mia C zone (Moczydlowska & Vidal 1 986) . Belgium, Massif 
de Rocroi and Massif de Stavelot (Grand-Halleux drill

core) , Middle Revinien: Middle ( ? )  Cambrian (Vangue

staine 1 974, 1 978) . 

Genus Asteridium n.gen .  

Type speeies. - Asteridium lanatum (Volkova, 1 969) comb. 

nov. (=Micrhystridium lanatum Volkova, 1969) , Poland, Lub

lin Slope of the EEP, drillcore Radzyrl IG-l , depth 1 19 1 . 1-

1 196.0 m, Kaplonosy and Radzyii forrnations: Lower Cam

brian, Holmia zone (Volkova, 1 969b, p. 227, Pl .  50:27-28) . 

Diagnosis. - Organic-walled microfossils with small vesicle, 

spherical to oval, thin-walled, single-layered. Variable num

ber of processes which do not differ in character from wall 

of central body. Processes solid, without communication 
with interior of central body. They are homeomorphic, 

simple in shape, cylindrical or slightly widened at base . Tips 
of processes taper, distal portions sharp-pointed, blunt or 

swollen. Length of processes usually smaller than diameter 

of central body. No excystment mechanism observed. 

Derivation oj name. - Latin asteriscus, asterisk, refers to the 

shape of the specimens. 

Speeies included. - Asteridium lanatum (Volkova, 1969) comb. 
nov. , Asteridium pallidum (Volkova, 1968) comb. nov. , As

teridium spinosum (Volkova, 1969)  comb. nov. , Asteridium 

tornatum (Volkova, 1968) comb. nov. 

Asteridium lanatum (Volkova, 1969) comb. 
nov. 
Pl. l D-F 

Synonymy. - 0 1 969 Micrhystridium lanatum Volkova sp. 
nov. - Volkova, 1969b, p .  227, Pl .  50:27-28. 0 1 979 Micrhy

stridium lanatum Volkova, 1 969 - Volkova et al. ,  p. 1 4, Pl. 
8 :5-1 l .  0 1 982 Micrhystndium lanatum Volkova, 1969 -
Downie, p. 261 , Fig. 6cc-dd. 0 1982 Micrhystridium ellaensis 

sp. nov. - Downie, p. 261 ,  Fig . 7c-e . 0 1 986 Micrhystridium 

lanatum Volkova - Moczydlowska & Vidal , Fig. 8E. 0 1 987 
Micrhystridium lanatum Volkova, 1 969 - Knoll & Swett, p. 
919, Figs. 8 .4-8.6 .  

Material. - 194 well-preserved specimens. 

Description. - Circular to oval central vesicle with wall sur

face covered by abundant and evenly distributed processes. 
The processes are uniform, hair-like, slender and of equal 

length . The bases of the processes are slightly widened, and 

the tips are sharp. Excystment not observed. 
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Fig. 13. Bivariate plot o f  size distribution o f  Asteridium lanatum 
(Volkova) comb.nov. in the Lower Cam brian of the Lublin Slope. 

Dimensions. - N=50. Diameter of central body 10-21 pm, 
x=14.82±O .47 pm; length of processes 2-5 pm, x= 
3 .02±0. 1 3  ]lm, 0'=0 .95 ]lm (Fig. 1 3 ) . 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebin IG-5, Parczew IG- lO  and Kaplonosy IG-1 , Mazowsze 

Formation: Lower Cambrian, Asteridium- Comasphaeridium 

Zone; drillcore Parczew IG-l O, upper part of the Mazowsze 

Formation and drillcore Radzyrl IG-l , Kaplonosy and Ra

dzyrl forrnations: Lower Cam brian, Skiagia

Fimbriaglomerella Zone; drillcores Terebin IG-5, Lopiennik 
IG-l , Radzyrl IG-l and Kaplonosy IG-1 , Kaplonosy and Ra

dzyrl forrnations: Lower Cambrian, Heliosphaeridium

Skiagia Zone.  

Occurrence and stratigraphie range. - Poland, Podlasie De

pression,  drillcores Biala Podiaska l ,  Okuniew IG-l and 

Podborowisko l :  Lower Cambrian, Holmia zone (s . l . ) ; Bal

tic Syneclise, drillcores Koscierzyna IG-1 and Prabuty IG-l : 

Lower Cam brian, Schmidtiellus Zone (=Mobergella) (Volkova 
1969a, b; Volkova et al. 1 979) . USSR, the EEP: Lower Cam

brian, Talsy, Vergale and Rausve horizons (Volkova et al. 

1979) ; Kazakhstan, Maly Karatau, Shabakty Formation: 
Lower Cam brian (Ogurtsova 1 985) . Sweden, Scania, Har
deberga Sandstone: Lower Cam brian, Holmia A zone; Kal

marsund region,  'Mobergella Sandstone ' :  Lower Cambrian , 

Holmia B zone; Våstergotland, File Haidar Formation, Mick

witzia Sandstone Member and Lingulid Sandstone Mem
ber: Lower Cambrian, Holmia B-C and C zone, respectively 
(Vidal 1981b, c; Moczydlowska & Vidal 1 986) . Denmark, 
Bornholm, 'Green Shales ' :  Lower Cambrian, Holmia B 
zone (Vidal 1981b,  c; Moczydlowska & Vidal 1 986) . Nor
way, Lake Mjøsa region, 1 aal-1 a� and 1 aa-1 b� beds: 
Lower Cambrian, Holmia B and C ZOne, respectively (Vidal 
1981b,  c ;  Moczydlowska & Vidal 1986) . Scotland, Fucoid 
Beds: Lower Cambrian (Downie 1 982) . Ireland, Ribband 
Group, Booley Bay Formation: Lower-Middle Cam brian 
(Gardiner & Vanguestaine 1971 ) .  England, Hollybush 

Sandstone: Lower Cambrian (Downie 1 982) . Canada, Al

berta, Mt Eisenhower, Gog Formation : Lower Cambrian 

(Downie 1 982) . Svalbard, East Spitsbergen ,  South Tokam

mane, Topiggane and Andromedafjellet, Tokammane For

mation: Lower Cam brian (Knoll & Swett 1 987) . East Green

land, Elia ø, Bastion Formation: Lower Cambrian (Downie 

1 982; Moczydlowska & Vida1 1 986) and North Greenland, 
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Buen Formation : Lower Cambrian (Moczydtowska & Vidal 

1 986; Vidal & PeeI 1988) . 

Asteridium pallidum (Volkova, 1968) comb. 
nov. 
Pl. l I-J 

Synonymy. - 0 1 968 Micrhystridium pallidum Volkova sp. 

nov. - Volkova, p .  2 1 ,  PIs. 4:5-9 ;  1 1 :4. 0 1 971 Micrhystridium 

pallidum Volkova, 1 968 - Gardiner & Vanguestaine, pp. 

1 88-1 89, Pl. 1 : 1 2 . 0 1 979 Micrhystridium pallidum Volkova, 

1 968 - Volkova et al. ,  p. 1 6, PI .9 : 1 7-18 .  

Material. - 40 fairly well-preserved specimens. 

Description. - Oval vesicles covered by few irregularly distrib

uted processes. The processes are cylindrical with slightly 

widened, conical bases and blunt tips. Excystment not ob

served. 

Dimensions. - N=40. Diameter of central body 8-1 5  ]lm, 
x=1 2 . 1 5±0.34 ]lm, 0'=2 . 1 8  ]lm ; length of processes 2 ]lm. 

Remarks. - Asteridium pallidum (Volkova) comb. nov. differs 
from the other species of Asteridium by having irregular in 

shape processes with blunt distal portions. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyn lG-1 , Kaplonosy and Radzyn formations - Lower 

Cambrian, Skiagi(J;-Fimbriaglomerella Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope ,  

drillcore Radzyn lG-l : Lower Cambrian, Holmia zone (s . I . ) ; 
Baltic Syneclise, drillcore Prabuty lG-1 : Lower Cambrian, 

Schmidtiellus Zone (=Mobergella) (Volkova et al. 1979) . 

USSR, the EEP: Lower Cambrian, Talsy horizon (Volkova 

et al. 1979) . Ireland, Bray Group, Thulla Formation and 
Ribband Group, Booley Bay Formation: Lower-Middle 

Cam brian (Gardiner & Vanguestaine 1971 ) .  

Asteridium spinosum (Volkova, 1969) comb. 
nov. 
PI. l G-H 

Synonymy. - 0 1 969 Micrhystridium spinosum Volkova sp. 
nov. - Volkova, 1 969b, p .  229, Pl .  50 : 14-1 6. 0 1 971  Micrhy

stridium spinosum Volkova, 1969b - Gardiner & Vanguesta

ine, p. 1 900, Pl. 1 :9 .  0 1 979 Micrhystridium spinosum Vol
kova, 1969 - Volkova et al. , p. 16 ,  Pl. 9 :25 .  0 1 982 
Micrhystridium spinosum Volkova, 1 969 - Downie, p .  262,  

Fig. 7f. 

Material. - 56 well-preserved specimens. 

Description. - Spherical to oval central vesicle possessing 
numerous processes evenly distributed on the surface of 

the central body. The simple processes are in the shape of 

long spines. 

Dimensions. - N=56. Diameter of central body 7-1 2  Jlffi , 
x=9.68±0 .21  ]lm; length of processes 2-3 ]lm, x= 

2 .43±0.006 ]lm, 0'=0.50 ]lm (Fig. 14) . 
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Fig. 1 4. Bivariate plot  of size distribution of Asteridium spinosum 
(Volkova) comb.nov. in the Lower Cam brian of the Lublin Slope. 

Remarks. - The species differs from Asteridium tornatum 

(Volkova) comb. nov. by having longer processes. It differs 

from Heliosphaeridium obscurum (Volkova) comb. nov. by 

having solid, uniform and more numerous solid processes. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Terebin IG-5 , Radzyn lG-l and Kaplonosy lG-l ,  Kaplonosy 
and Radzyn forrnations: Lower Cambrian, Heliosphae

ridium-Skiagia Zone; drillcore Radzyn lG-l , Kaplonosy and 

Radzyn forrnations: Lower Cambrian, Volkovia-Liepaina 

Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 

drillcore Radzyn IG-l : Lower Cambrian, Holmia and Pro

tolenus zones (s . I . ) ,  Middle Cambrian , Eccaparadoxides 

oelandicus and Paradoxides paradoxissimus Zones; Podlasie 

Depression , drillcore Podborowisko l :  Lower Cambrian, 
Holmia zone (s . l . )  (Volkova 1 969a, b; Volkova et al. 1 979) . 

USSR, the EEP: Lower Cambrian, Vergale and Rausve ho

rizons and Middle Cambrian, Kibartai horizon (Volkova et 

al. 1 979) ; Kazakhstan, Maly Karatau, Shabakty Formation: 
Lower Cambrian (Ogurtsova 1 985) . Sweden, Kalmarsund 

region, 'Mobergella Sandstone ' :  Lower Cambrian, Holmia B 

zone (Moczydl'owska & Vidal 1 986) . Scotland, Fucoid Beds: 
Lower Cambrian (Downie 1982) . Ireland, Bray Group, 
Thulla Formation: Lower-Middle Cambrian (Gardiner & 
Vanguestaine 1971 ) .  East Greenland, Elia ø,  Bastion For
mation : Lower Cambrian (Downie 1982) . 

Asteridium tornatum (Volkova, 1 968) comb. 
nov. 
Pl. lA-C 

Synonymy. - 0 1964 Micrhystridium sp. - Volkova, p. 82,  PIs. 
2:9; 3 : 1 7-19 .  0 1 968 Micrhystridium tomatum Volkova sp. 

nov. - Volkova, p .  2 1 ,  Pls. 4: 1-4; 10 :8 . 0 1979 Micrhystridium 

tomatum Volkova, 1 968 - Volkova et al. ,  p. 1 7, PI. 9 : 14-16 .  

0 1 982 Micrhystridium tomatum Volkova - Downie, Fig. 7j . 

0 1982 Micrhystridium minutum sp . nov. - Downie, p. 261 , 

Fig. 6ii. 0 1986 Micrhystridium tomatum Volkova - Moczy

dlowska & Vidal , Fig. 8D, F. 0 1 987 Micrhystridium tomatum 

Volkova, 1968 - Knoll & Swett, p. 9 19 ,  Figs. 8 .8 ,  8 .9 .  

Material. - 746 well-preserved specimens. 
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Fig. 15. Bivariate plot of  size distribution of  Asteridium tomatum 
(Volkova) comb.nov. in the Lower Cam brian of the Lublin Slope. 

Description. - Circular to oval in outline vesicles covered by 
evenly distributed short, thorn-like processes. The wall of 
the central body usually displays small compaction folds. 

Dimensions. - N=50 . Diameter of central body 8-21 pm, 
x=1 3.36±0 .54 pm, 0=3 .84 pm; length of processes 1-2 pm, 
x=1 .48±0.07 pm, 0=0.50 pm. Additionally, specimens form

ing clusters of up to 30 specimens range 5-1 0 pm in diam

eter of central body (Fig. 15 ) . 

Remarks. - The species differs from Asteridium spinosum 

(Volkova) comb. nov. by having short thorn-like processes. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebiii IG-5, Lopiennik IG-1 , Parczew IG-10 ,  Radzyii IG-1 

and Kaplonosy IG-1 , Mazowsze Formation: Lower Cam
brian, Asteridium-Comasphaeridium Zone; drillcores Par

czew IG-1 0,  Radzyii IG-l and Kaplonosy IG-l , Kaplonosy 

and Radzyii forrnations: Lower Cambrian, Skiagia-FimlYria

glomerella Zone; drillcores Terebiii IG-5 , Lopiennik IG-1 , 

Radzyii IG-l and Kaplonosy IG- 1 ,  Kaplonosy and Radzyii 

forrnations: Lower Cambrian, Heliosphaeridium-Skiagia 

Zone; drillcore Radzyii IG-1 , Kaplonosy and Radzyii forrna
tions: Lower Cambrian, Volkovia-Liepaina Zone. 

Occurrence and stratigraphic range. - Poland, Lublin Slope, 

drillcore Radzyii IG-1 : Lower Cambrian, Platysolenites Zone, 

Holmia and Protolenus zones ( s . l . )  and Middle Cambrian, 

Eccaparadoxides oelandicus and Paradoxides paradoxissimus 

Zones; Podlasie Depression, drilIcores Mielnik IG-l and 
Podborowisko l :  Lower Cambrian, Platysolenites Zone; drilI
core Bial'a PodIaska 1 :  Lower Cam brian, Holmia zone (s . l . )  
(Volkova 1 969a, b; Volkova et  al. 1979) . USSR, the EEP: 
Vendian, Kotlin Formation ( ? )  and Rovno horizon (? ) ; 
Lower Cambrian, Lontova, Talsy, Vergale and Rausve hori
zons; Middle Cambrian, Kibartai horizon; Siberian Plat
form, Olenek Uplift: Lower Cambrian, Tommotian Stage 
(Volkova et al. 1 979) ; Kazakhstan, Maly Karatau, Shabakty 

Formation: Lower Cambrian (Ogurtsova 1985) . Sweden, 
Scania, Hardeberga Sandstone :  Lower Cambrian, Holmia A 

zone; Kalmarsund region, 'Mobergella Sandstone ' :  Lower 

Cambrian, Holmia B zone (Vida1 1981  b, c; Moczydl'owska & 

Vidal 1 986) . Denmark, Bornholm, ' Green Shales ' :  Lower 

Cambrian, Holmia B zone (Vida1 1981  b, c; Moczydl'owska & 
Vidal 1 986) . Scotland, Fucoid Beds: Lower Cambrian 

(Downie 1982) . Canada, Alberta, Gog Formation and Mt 

Whyte Formation : Lower Cambrian (Downie 1 982) . Sval

bard, East Spitsbergen,  South Tokammane, Topiggane and 
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Fig. 1 6. Bivariate plot o f  size distribution o f  Asteridium sp. i n  the 
Lower Cam brian of the Lublin Slope. 

Andromedafjellet, Tokammane Formation: Lower Cam
brian (Knoll & Swett 1 987) . East Greenland, Elia ø, Bas

tion Formation : Lower Cambrian (Downie 1 982; Moczy
dl'owska & Vidal 1986) and North Greenland, Buen 

Formation: Lower Cambrian (Moczydl'owska & Vidal 1 986; 

Vidal & Peel 1 988) . 

Asteridium Sp . 

Material. - 48 poorly preserved specimens. 

Description. - Vesicles circular to oval in outline covered by 
solid processes. The proeesses are irregular, often with 
broken tips. 

Dimensions. - N=20. Diameter of central body 1 0-20 pm, 

x=1 4.65±0 .78 pm; length of processes 3-8 pm, x= 

4.90±0.35 pm, 0=1 .59 pm (Fig. 1 6) .  

Present record. - Poland, Lublin Slope of the EEP, drillcore 

Kaplonosy IG- l ,  upper part of the Wl'odawa Formation and 

Mazowsze Formation, drillcores Terebiii IG-5 and Parczew 
IG-I0 ,  Mazowsze Formation: Lower Cambrian, Asteridium

Comasphaeridium Zone. 

Genus Comasphaeridium Staplin , ]ansonius 
& Pocock, 1 965 

Type species. - ComasphaeTidium cometes (Valensi, 1949 )  Stap
lin, Jansonius & Pocock, 1 965, p. 192 [= Micrhystridium 
cometes Valensi, 1 949, p. 545, Fig. 5 :6J . 

Comasphaeridium agglutinatum 
Moczydlowska, 1988 
Pl. l K-L 

Synonymy. - 0 1 986 Comasphaeridium n.sp. 3 - Moczydl'ow

ska & Vidal , Fig. 8B. 0 1 988 Comasphaeridium agglutinatum 

n.sp. - Moczydl'owska, pp. 4-6, Pl .  1 : 1 ;  Fig. 3 .  

Material. - 44 specimens, most of  them well-preserved. 

Description. - Vesicles circular to oval in outline,  covered by 

numerous simple and slender processes. The length of the 

processes varies within each discrete specimen. The pro

cesses are densely packed in the proximal part, be ing ag

glutinated to each other. The tips of the processes are 
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Fig. 1 7. Bivariate plot o f  size distribution o f  Comasphaeridium 
agglulinalum Moczydtowska in the Lower Cam brian of the Lublin 
Slope. 

acuminate , flexible and anastomosing. The bases of the 
processes are slightly evexate . 

Dimensions. - N=44. Diameter of central body 9-26 !lm , 

x=13 .34±0.66 !lm, cr=4 .40 !lm; length of processes 3--1 2  !lm , 

x=5 . 1 3±0.35 pm, cr=2 .35 !lm (Fig. 1 7) .  

Remarks. - Comasphaeridium agglutinatum Moczydtowska dif

fers from Comasphaeridium velvetum Moczydtowska by its 
small er vesicle,  longer processes and their basally aggluti
nated morphology. It also differs from Comasphaeridium 

strigosum (Jankauskas) Downie by the shape of the pro
cesses and the fact that they are attached at the base . 

Present record. - Poland, Lublin Slope of the EEP, drilleore 

Kaplonosy IG-1 , upper part of the Wtodawa Formation and 

drillcores Terebin IG-5 , Parczew IG-I0 and Kaplonosy IG-l , 

Mazowsze Formation: Lower Cambrian , Asteridium-Coma

sphaeridium Zone. 

Comasphaeri.dium brachyspinosum (Kirjanov, 
1974) Moczydl'owska & Vidal, 1988 
Pl. 2E 

Synonymy. - 0 1974 Baltisphaeridium brachyspinosum Kir
janov, sp. nov. - Kirjanov, pp. 1 20--1 2 1 ,  Pl .  7 : 1 . 0 1 979 Balti
sphaeridium brachyspinosum Kirjanov, 1 974 - Volkova et al. , p.  
8 ,  P l .  10 : 15 .  0 1986 Comasphaeridium (=Baltisphaeridium) 

brachyspinosum (Kirj . )  - Moczydtowska & Vidal, Fig. 9A-B. 
0 1 988 Comasphaeridium brachyspinosum (Kirjanov 1 974) 
comb. nov. Moczydtowska & Vidal , 1988b, p .  3, Pl. 1 :4. 

Material. - Two well-preserved specimens. 

Description. - Spherical vesicles (cireular to oval in outline 
after compression) densely covered by closely arranged 

processes. The processes are thin , filiform and of equal 

length . Their proximal part is slightly thickened, resulting 

in an irregular outline of the central body. 

Dimensions. - N=2. Diameter of central body 2 1-39 !lm ; 

length of proeesses 4-5 pm. 

Remarks. - Comasphaeridium brachyspinosum (Kirjanov) Mo

czydtowska & Vidal differs from C. strigosum (Jankauskas) 

Downie by the irregular outline of the central body and 

thickened base of the proeesses. The proeesses are less 

numerous than in C. strigosum. Additionally, it differs from 
C. molliculum Moczydtowska & Vidal by its clearly delimited 
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and stiff proeesses which, contrary to those of C. strigosum, 

are not agglutinated. 

Present record. - Poland, Lublin Slope of the EEP, drilleore 
Parczew IG-I 0, Kaplonosy and Radzyn forrnations: Lower 

Cambrian, Skiagia-Fimbriaglomerella Zone . 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 

Cambrian, Talsy horizon; Siberian Platform: Lower Cam

brian , Tommotian Stage, Dokidocyathus regularis Zone (Vol
kova et al. 1 979; Rudavskaya & Vassileva 1 984) . Sweden, 
Scania, Hardeberga Sandstone: Lower Cambrian, Holmia A 

zone; Kalmarsund region ,  'Mobergella Sandstone ' :  Lower 
Cambrian, Holmia B zone ; Vastergi:itland, File Haidar For

mation , Mickwitzia Sandstone Member: Lower Cambrian , 
Holmia B-C zone (Vidal 1 98 1  b, c; Moczydtowska & Vidal 

1 986) . Denmark, Bornholm, Balka Sandstone and ' Green 

Shales ' :  Lower Cambrian, Holmia A and B zone, respec

tively (Vidal 1981  b, c; Moczydtowska & Vidal 1 986) . East 

Greenland, Elia 0, Bastion Formation : Lower Cambrian 
(Moczydtowska & VidaI 1 986) . 

Comasphaeri.dium formosum Moczydl'owska, 
1988 
Pl .  1 M  

Synonymy. - 0 1986 Comasphaeridium n .sp. 5 - Moczydtow

ska & Vidal , Fig. 8C. 0 1 988 Comasphaeridium formosum 

n . sp .  - Moczydtowska, p. 6, Pl . 1 :4, Fig. 3 .  

Material. - One single very well-preserved speeimen. 

Description. - Vesicle oval in outline and covered by uniform 
and densely arranged proeesses closely attached in the 
proximal part. The proeesses are of regular length and 
thickness, tubular in shape. The tips of the processes are 

blunt. 

Dimensions. - Diameter of central body 9-1 2  !lm; length of 

proeesses 3-4 !lm. 

Remarks. - The species differs from other species of Coma

sphaeridium by the extremely regular shape of the pro
cesses. 

Present record. - Poland, Lublin Slope of the EEP, drilIcore 
Kaplonosy IG-l , Mazowsze Formation: Lower Cambrian, 
Asteridium-Comasphaeridium Zone . 

Comasphaeri.dium molliculum Moczydl'owska 
& Vidal ,  1 988 
P l .  2A-D, F 

Synonymy. - O non 1959 Archaeohystrichosphaeridium papil

losum sp .n.  - Timofeev, p. 20, Pl .  2 :  10 ,  1 3 . 0 1 968 Baltisphae

ridium papillosum (Timofeev) Volkova comb. nov. - Vol

kova, p. 20, Pl .  2 : 1 0 . 0 1 979 Baitisphaeridium papillosum 

(Timofeev, 1959) Volkova, 1968 - Volkova et al. , p. 1 1 ,  Pl .  

1 3 : 1 3 . 0 1 986 Comasphaeridium sp . 2 - Moczydtowska & 

Vidal, p. 2 1 7, Fig. l IA. 0 1 988 Comasphaeridium molliculum 

sp. nov. - Moczydtowska & Vidal , 1988b, pp. 2-3, Pl. 1 : 1 , 2 .  

Material. - 28 well-preserved speeimens. 
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Fig. 1 8. Bivariate plot o f  size distribution o f  Comasphaeridium 
molliculum Moczydtowska & Vidal in the Lower Cam brian of the 
Lublin Slope. 

Description. - Central spherical vesicle having circular to 
subcircular outline (after compression) with smooth outer 

surface covered by numerous, closely arranged filiform and 

flexible processes. Excystment apparently by median split. 

Dimensions. - N=28. Diameter of vesicle 20-60 11m, 

x=3S.64±1 .8S l1m, cr=9 .81  11m; length of processes 4-10 )lill, 

x=6 . 14±0.36 11m, cr=1 .94 11m (Fig. 18 ) . 

Remarks. - Comasphaeridium molliculum Moczydtowska & 
Vidal differs from C. strigosum (Jankauskas) Downie by its 

thin and clearly defined processes. It differs as well from C. 
brachyspinosum (Kirjanov) Moczydtowska & Vidal by the 
regular circular outline of the vesicle and by the lack of 

proximal thickening of the processes. C. molliculum differs 
from C. velvetum Moczydtowska by its hair-like, well-de
fined, longer and not agglutinated processes .  

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Parczew IG-I 0 and Radzyn IG- l ,  Kaplonosy and Radzyn 

forrnations: Lower Cambrian, Skiagia-Fimbriaglomerella 

Zone. 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 

Cambrian, Talsy horizon (Volkova et al. 1 979) . Sweden, 
Vastergotland, File Haidar Formation, Mickwitzia Sand
stone Member: Lower Cambrian, Holmia B-C zone (Moczy

dtowska & VidaI 1986) . Norway, Lake Mjøsa region, l aaj

l a� be ds and l a� bed: Lower Cambrian, Holmia B and C 

zone, respectively (Moczydtowska & Vidal 1 986) . East 
Greenland, Elia ø, Bastion Formation:  Lower Cambrian 

(Moczydtowska & Vidal 1 986) . 

Comasphaeridium strigosum (J ankauskas) 
Downie , 1 982 
Pl .  I N-O 

Synonymy. - 0 1 969 Baltisphaeridium sp . 2 - Volkova, 1 969b, 
p .  226, Pl. 49: 2 1 ,  Pl. S l :38.  0 1976 Baltisphaeridium ?  strig

osum ]ankauskas, sp . nov. - ]ankauskas & Posti, pp. 146-

147, Figs. 8, 1 4. 0 1 979 Baltisphaeridium ? strigosum ]  ankau
skas, 1976 - Volkova et al. , p. 12 ,  Pl. 1 0 : 1 6-18 .  0 1 979 

Baltisphaeridium ? strigosum Yankauskas, 1 976 - Vidal, 

1 979b, p. 18 ,  Pl. l a. 0 1 982 Comasphaeridium strigosum (Jan
kauskas) comb. nov. - Downie, p. 260, Fig . 6j-1. 0 1 987 

Comasphaeridium strigosum (Jankauskas) Downie, 1982 -

Knoll & Swett, p. 9 1 6, Fig. 7 .S .  
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Fig. 1 9. Bivariate plot o f  size distribution o f  Comasphaeridium 
strigosum (Jankauskas) Downie in the Lower Cambrian of the Lub
lin Slope.  

Material. - 16 fairly well-preserved specimens. 

Description. - Vesicles circular to oval in outline ,  possessing 

abundant and very closely arranged processes. The pro
cesses are solid, simple, of equal length , slightly widened 
proximally and sharp-pointed distally. 

Dimensions. - N= 1 6. Diameter of central body 18-28 11m, 

x=22.94±0 . 73 11m, cr=2 .93 11m; length of processes 3-8 11m, 

x=4.44±0.37  11m, cr=l .SO 11m (Fig. 19 ) . 

Remarks. - Comasphaeridium strigosum (Jankauskas) Downie 
differs from C. velvetum Moczydtowska by having free-stand

ing, longer and uniform processes. It differs from C. 
agglutinatum Moczydl'owska by its larger ratio between vesi
cle diameter and process length,  and by having much 
longer processes. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebill IG-S, Parczew IG- lO  and Kaplonosy IG- I ,  Mazowsze 
Formation : Lower Cambrian, Asteridium- Comasphaeridium 

Zone; drillcore Parczew IG-I0,  upper part of the Mazowsze 
Formation: Lower Cambrian, Skiagia-Fimbriaglomerella 

Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drillcore Radzyn IG-l , Kaplonosy Formation: Lower Cam

brian, Holmia and Protolenus zones ( s . l . )  and Middle Cam

brian, Eccaparadoxides oelandicus and Paradoxides paradoxis

simus Zones; Baltic Syneclise, drillcores Koscierzyna IG-l 
and Prabuty IG-l : Lower Cambrian, Schmidtiellus Zone (= 
Mobergella) (Volkova 1969a, b; Volkova et al. 1979) . USSR, 
the EEP: Lower Cambrian, Talsy horizon and Middle Cam
brian, Kibartai horizon (Volkova et al. 1 979) ; Kazakhstan, 
Maly Karatau, Shabakty Formation : Lower Cambrian 
(Ogurtsova 1985) . Sweden, Scania, Brantevik Sandstone 
and Hardeberga Sandstone: Lower Cambrian, Holmia A 

zone; Kalmarsund region, 'Mobergella Sandstone ' :  Lower 
Cambrian, Holmia B zone (Vidal 1 981b ;  Moczydtowska & 

Vidal, 1 986) . Denmark, Bornholm, ' Green Shales ' :  Lower 
Cambrian, Holmia B zone (Moczydlowska & Vidal 1986) . 
Norway, Lake Mjøsa region, l aa]-l aa2 beds: Lower Cam

brian, Holmia B zone, l a� and lba-lb� beds: Lower Cam

brian, Holmia C zone (Vidal 1981  b; Moczydtowska & Vidal 
1 986) . Scotland, Fucoid Beds: Lower Cambrian (Downie 

1982) . Svalbard, East Spitsbergen, South Tokammane, To

piggane and Andromedafjellet, Tokammane Formation : 
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Lower Cam brian (Knoll & Swett 1 987) . East Greenland, 

Elia ø, Bastion Formation and Elia Island Formation: 
Lower Cambrian (Vidal 1 979b; Downie 1982; Moczydl"ow
ska & Vidal 1986) ; North Greenland, Buen Formation: 

Lower Cambrian (Moczydl"owska & Vidal 1 986; Vidal & 

PeeI 1988) . 

Comasphaeridium velvetum Moczydlowska, 
1988 
PI .  l P-R 

Synonymy. - 0 1986 Comasphaeridium n.sp. 4 - Moczydl"ow
ska & Vidal ,  Fig. 8A. 0 1 988 Comasphaeridium velvetum 

n.sp .  - Moczydl"owska, 1 988a, pp. 6-7,  Pl. 1 : 2 , 3 ;  Fig. 3.  

Material. - 93 specimens, most of them well-preserved. 

Description. - Vesicles circular in outline.  The surface is 
covered by abundant, short processes of equal length . The 

processes are densely packed and attached to each other 

proximally, with widened bases and tips ranging from acu
minate to blunt. 

Dimensions. - N=30. Diameter of vesicle 1 5-30 llffi , 
x=23.76±0.69 pm, cr=3 .77 pm; length of processes 2-4 llffi, 
x=3 . 1 6±0 . 1 3  pm, cr=0 .75 pm (Fig. 20) . 
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Fig. 20. Bivariate plot o f  size distribution o f  Comasphaeridium 
velvetum Moczydfowska in the Lower Cam brian of the Lublin 
Slope. 

Remarks. - The species differs from Comasphaeridium aggluti

natum Moczydl"owska by having shorter processes, by their 
equal length and the more slender bases of the processes. 
From C. strigosum (Jankauskas) Downie it differs by the 
widened processes bases and by their denser arrangement. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Terebin lG-5, Parczew IG-I 0, Radzyn IG-l and Kaplonosy 

IG- l ,  Mazowsze Formation : Lower Cambrian, Asteridium

Comasphaeridium Zone. 

Genus Cymatiosphaera O.Wetzel ex 
Deflandre , 1954 

Type speeies. - Cymatiosphaera radiata O. Wetzel ,  1 933, p. 73 . 
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Cymatiosphaera postii (Jankauskas, 1976) 
J ankauskas, 1 979 
PI. 9H-I 

Synonymy. - 0 1976 Cymatiosphaera radiata Jankauskas, sp. 

nov. - Jankauskas & Posti, pp. 148--149, Figs. 2,  3 . 0 1 979 
Cymatiosphaera postiiJankauskas, nom. nov. - Volkova et al. ,  

p.  26, Pl. 1 4: 1-3 . 0 1 982 Cymatiosphaera postii Jankauskas 

1 979 - Downie, p. 264, Fig. 9h. 

Material. - 17 well-preserved specimens. 

Description. - Vesicles oval in outline. The spherical central 
body possesses high ridges which divide i ts surface into 

pentagonal and hexagonal fields. Six to eight ridges are 
usually observed on the outline of the central body. 

Dimensions. - N=17 .  Diameter of vesicle 22-45 pm, 

x=31 .82±1 .85 pm, cr=7.62 pm; diameter of central body 14-
25 \lm, x=1 8.94±0.96 pm, cr=3.96 pm; diameter of polygo

nal fields 7-1 5  pm; height of ridges 7-14 pm, 

x=1 l .29±0.59 pm, cr=2.44 pm (Fig. 21 ) .  

Present reeord. - Poland, Lublin Slope of the EEP, drillcores 

Radzyn lG-l and Kaplonosy IG-l , Kaplonosy and Radzyn 

formations: Lower Cambrian, Heliosphaeridium-Skiagia 

Zone; drillcore Parczew IG-I0 ,  Kaplonosy and Radzyn for

mations: Lower Cambrian, Volkovia-Liepaina Zone . 

Oecurrence and stratigraphie range. - USSR, the EEP: Lower 

Cambrian, Vergale and Rausve horizons; Middle Cam

brian, Kibartai horizon; lzhora beds: Lower Ordovician 
(Volkova et al. 1 979) . Sweden, Vastergotland,  File Haidar 
Formation, Miekwitzia Sandstone Member: Lower Cam
brian, Holmia B-C zone (Moczydl"owska & Vidal 1 986) . 
Norway, Lake Mjøsa region, l aa.l-l a� beds: Lower Cam

brian, Holmia B zone (Moczydl"owska & Vidal 1 986) . Scot

land, Fucoid Beds: Lower Cam brian (Downie 1 982) . East 
Greenland, Elia ø, Bastion Formation: Lower Cambrian 

(Downie 1 982) . 
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Fig. 2 1 .  Bivariate plot o f  size distribution o f  Cymatiosphaera postii 
Uankauskas) Jankauskas in the Lower Cam brian of the Lublin 
Slope. 

Cymatiosphaera Sp . 
Pl. 9J 

Material. - 1 8  generally weJl-preserved specimens. 

Description. - Vesicles circular to oval in outline. Numerous 
ridges subdivide the spherical central body into irregularly 

shaped polygonal fields. 
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Dimensions. - N=18 .  Overall diameter 25-50 pm; diameter 

of central body 1 1-40 ]lm; diameter of polygon al fields 
1 0-12  ]lm; height of ridges 3-5 ]lm. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew lG-10, Mazowsze Formation: Lower Cambrian, As

teridium-Comasphaeridium Zone; drillcores Parczew lG-10 
and Radzyil lG-l , Kaplonosy and Radzyil forrnations: Lower 
Cambrian, Skiagia-Fimbriaglomerella Zone; drillcores Tere
bin IG-5 and Kaplonosy lG-l , Kaplonosy and Radzyil forrna

tions: Lower Cambrian, Heliosphaeridium-Skiagia Zone; 

drillcores Lopiennik lG-l and Parczew lG-10, Kaplonosy 

and Radzyil forrnations: Lower Cam brian, Volkovia-Liepa

ina Zone. 

Genus Estiastra Eisenack, 1959 

Type species. - Estiastra magna Eisenack, 1959, pp. 201-202, 
Pl. 1 6 : 1 7-20. 

Estiastra minima Volkova, 1969 
PI. 9A-G : 

Synonym
;

j. - 0 1969 Estiastra minima Volkova sp. nov. - Vol
kova, 1969b, pp. 230-321 ,  Pl .  50:32-36. 0 1 979 Estiastra 

minima Volkova, 1 969 - Volkova et al. ,  p. 1 8, Pl. 1 0:8-1 4. 
0 1987 Estiastra minima Volkova, 1 969 - Knoll & Swett, p. 
9 1 6, Fig. 8 . 1 3 .  

Material. - 1 7 1  generally well-preserved specimens. 

Description. - Vesicles polygonal in outline. The irregular 

central body possesses 4-9 conical processes with wide 
bases and sharp-pointed tips. The cavity of the central body 

does not communicate with the processes cavity. 

Dimensions. - N=30. Diameter of central body 5-10  ]lm, 
x=7.23±0.37 ]lm, cr=2.02 ]lm; length of processes 5-1 2  ]lm, 

x=7.36±0.42 ]lID, cr=2 .31  ]lm; width of basal part of pro

cesses 3-7 ]lm, x=4.36±O.23 ]lm,  cr=1 .27 ]lm (Fig. 22) . 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebin IG-5, Lopiennik IG-l , Radzyil lG-l and Kaplonosy 
lG-l , Kaplonosy and Radzyil forrnations: Lower Cambrian, 
Heliosphaeridium-Skiagia Zone; drillcore Parczew IG-I 0, Ka
plonosy and Radzyil forrnations: Lower Cambrian, Vol

kovia-Liepaina Zone . 

Occurrence and stratigraphie range. - Poland, Podlasie De
pression, drillcores Biala Podiaska l and Podborowisko l :  
Lower Cambrian, Holmia zone (s . l . )  (Volkova et al. 1 979) . 
USSR, the EEP: Lower Cambrian, Vergale and Rausve ho

rizons; Middle Cambrian, Kibartai horizon (Volkova et al. 

1 979) . Svalbard, East Spitsbergen, South Tokammane, To

kammane Formation : Lower Cambrian (Knoll & Swett 
1 987) . 

Genus Fimbriaglomerella Loeblich & Drugg, 
1968 

Type species. - Fimbriaglomerella divisa Loeblich & Drugg, 
1 968, pp. 1 36-1 37,  Pl. 4: 1-6. 
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Fig. 22. Bivariate plot of size distribution of Estiastra minima Volkova 
in the Lower Cam brian of the Lublin Slope. 

Fimbriaglomerella membranacea (Kirjanov, 
1974) Moczydlowska & Vidal, 1 988 
Pl. 3G 

Synonymy. - 0 1 974 Cymatiosphaera ? membranacea Kirjanov, 
sp. nov. - Kirjanov, p. 1 2 1 ,  Pl. 7 :2 ,  3 .  0 1 979 Cymatiosphaera 

? membranacea Kirjanov, 1 974 - Volkova et al. ,  p.  25, Pl. 1 6: 1 ,  
2 .  Onon 1 986 Cymatiosphaera ? membranacea Kirjanov - Mo

czydl'owska & Vidal, Fig. 1 0A-B. 0 1988 Fimbriaglomerella 

membranacea (Kirjanov 1 974) comb. nov. - Moczydl'owska 
& Vidal, 1988b, pp. 3-4, Pl. 1 :5-9 . 

Material. - Three fairly well-preserved specimens. 

Description. - Spherical or ovoidal , double walled vesicles. 
The wall of the inner body is robust, thus contrasting with 
the more translucent and much thinner outer membrane 

to which it is attached by means of straight filmy muri . 
These define small ,  irregularly polygonal luminae at the 
contact with the surface of the outer membrane. Excyst
ment probably by median split. 

Dimensions. - N=3. Diameter of vesicle 35-39 ]lm; diameter 

of inner body 1 8-25 pm; height of filmy muri 5-1 0 ]lm. 

Remarks. - Fimbriaglomerella membranacea (Kirjanov) Moczy
dl'owska & Vidal differs from F. minuta Qankauskas) Moczy
dl'owska & Vidal by having a robust-walled inner body, 
much more numerous filmy muri , and narrower surface 
luminae . 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew lG-10,  Kaplonosy and Radzyil forrnations: Lower 
Cambrian, Skiagia-Fimbriaglomerella Zone. 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian , Talsy horizon; Siberian Platform: Lower Cam

brian, Tommotian Stage , Dokidocyathus regularis Zone 
(Volkova et al. 1 979; Rudavskaya & Vassileva 1 984) ; Kazakh

stan , Maly Karatau, Shabakty Formation: Lower Cambrian 

(Ogurtsova 1 985) . Sweden, Scania, Hardeberga Sand
stone: Lower Cambrian, Holmia A zone; Kalmarsund re

gion, ' Mobergella Sandstone ' :  Lower Cam brian , Holmia B 

zone (VidaI 1981b ,  c; Moczydl'owska & Vida1 1 986, 1988b) . 
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Denmark, Bornholm, ' Green Shales ' :  Lower Cambrian, 
Holmia B zone (VidaI 1981b ,  c; Moczydlowska & Vida1 1 986, 
1 988b) . Norway, Lake Mjøsa region,  l a� beds: Lower Cam
brian, Holmia C zone (Moczydlowska & Vida1 1 986, 1 988b) . 
East Greenland, Ella ø, Bastion Formation and North 
Greenland, Buen Formation : Lower Cambrian (Moczy

dlowska & Vida1 1 986; Vidal & PeeI 1 988) . 

Fimbriaglomerella minuta a ankauskas, 1979) 
Moczydlowska & Vidal ,  1988 
Pl. 3H 

Synonymy. - 0 1 979 Cymatiosphaera minuta Jankauskas, sp. 
nov. - Volkova et al.,  p.  26, Pl . 1 4: 1 0-12 . 0 1986 Cymatio

sphaera minuta Jankauskas - Moczydlowska & Vidal , Fig. 
1 0D, E. 0 1 986 Cymatiosphaera ? membranacea Kirjanov -

Moczydlowska & Vidal , p. 2 1 4, Fig. l OA, B. 0 1 988 Fimbria

glomerelIa minuta Oankauskas 1 979) comb. nov. - Moczy
dlowska & Vidal , 1 988b, pp. 4-6, Pl. 2 :8-17 .  

Material. - Two poorly preserved specimens. 

Description. - Spherical, double-walled vesic1es. The wall of 
the inner body is thin and enc10sed by an outer thin 
membrane. Straight filmy muri rise radially from the inner 
body and define small polygonal luminae at the contact 
with the surface of the outer membrane. Excystment not 
observed. 

Dimensions. - N=2. Diameter of inner body 1 5-20 Jlm; 
height of filmy muri 3 Jlm . 

Remarks. - The species differs from F. membranacea (Kir
janov) Moczydlowska & Vidal by having a thin-walled inner 
body, smaller number of filmy muri and wider luminae 
reflecting the intersection of the outer membrane with the 
radially arranged muri. 

Present reeord. - Poland, Lublin Slope of the EEP, drillcore 

Parczew IG-I0 ,  upper part of the Mazowsze Formation : 
Lower Cambrian, Skiagia-Fimbriaglomerella Zone . 

Oecurrence and stratigraphie range. - Poland, Baltic Synec1ise , 
drilIcores Koscierzyna IG-l and Prabuty IG- l ,  Zawiszyn For
mation : Lower Cambrian, Sehmidtiellus Zone (=Mobergella) 

(Volkova et al. 1979) . USSR, the EEP: Lower Cambrian, 
Talsy horizon (Volkova et al. 1 979) . Sweden, Kalmarsund 
region, ' Mobergella Sandstone ' :  Lower Cambrian , Holmia B 
zone (Vidal 1 98 1 c; Moczydlowska & Vidal 1 986, 1 988b) . 

Denmark, Bornholm, 'Green Shales ' :  Lower Cambrian, 

Holmia B zone (Vidal 1981c ;  Moczydlowska & Vidal 1986, 
1 988b) . 

Genus Globosphaeridium n .  gen.  

Type speeies. - Globosphaeridium cerinum (Volkova, 1968) 

comb. nov. [= Baltisphaeridium cerinum Volkova, 1968, pp. 

1 7-18 ,  PIs .  1 : 1-7; 1 1 :5 ] . 

Diagnosis. - Organic-walled microfossils conslstmg of 
spherical to ovoidal vesic1es. The central body is single

walled with smooth surface and possesses numerous, dis

tinctly separated and solid processes. The processes are 
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simple, of equal width or widened at the base , and tapering 
towards the tips. They are slender or stiff resembling long 
spines. Their length is substantially smaller than the diam
eter of central body. Excystment not observed. 

Derivation of name. - From Latin globus, sphere , making 

reference to the overall shape of the specimens (a conspic

uous central body and short processes) . 

Remarks. - Globosphaeridium n .gen. differs from Comasphae

ridium Staplin, Jansonius & Pocock, 1 965, by c1early sepa
rated and less numerous processes. It differs from Asterid

ium n.gen. by definitely larger dimensions of the vesic1e. 

Globosphaeridium cerinum (Volkova, 1 968) 
comb. nov. 
Pl. 4H-J 

Synonymy. - 0 1968 Baltisphaeridium eerinum Volkova sp. 
nov. - Volkova, pp. 1 7-18 ,  PIs. l: 1-7;  1 1 :5 .  0 1 978 Elektoris

kos eerinus (Volkova, 1 968) Vanguestaine 1 978 nov. comb. 
Vanguestaine , p. 271 . 0 1 979 Baltisphaeridium cerinum Vol
kova, 1 968 - Volkova et aL , p. 8, Pl. 1 :4-1 0. O non 1 982 
Baltisphaeridium eerinum Volkova 1968 - Downie, p .  259,  

Figs. 5 ,  6e-g. 0 1 986 Baltisphaeridium cerinum (Volkova) 
Downie 1 982 - Moczydlowska & Vidal, Fig. l l B .  0 1 990 
Elektroriskos eerinus (Volkova) Vanguestaine 1 978 - Eklund, 
p .  36, Fig.  8C, D .  

Material. - Nine very well-preserved specimens. 

Description. - Spherical to ovoidal vesic1es with numerous 

evenly distributed processes. The processes are solid and 
thorn-shaped, being slightly thicker at the base and sharp
pointed. 

Dimensions. - N=9. Diameter of central body 20-35 Jlm, 
x=25 .77±1 .98 Jlm, (J=5 .93 Jlm; length of processes 2-3 Jlm, 

x=2.44±O . 1 7  Jlm, (J=0 .52 Jlm (Fig. 23) . 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Parczew IG-I 0 and Radzyn IG-l , Kaplonosy and Radzyn 
forrnations: Lower Cambrian, Skiagia-Fimbriaglomerella 

Zone; drillcore Radzyn IG-l , Kaplonosy and Radzyn forrna
tions: Lower Cambrian, Heliosphaeridium-Skiagia Zone.  

Oecurrence and stratigraphie range. - Poland, Baltic Synec1ise, 
drillcore Prabuty IG-l : Lower Cambrian, Sehmidtiellus Zone 
(=Mobergella) (Volkova et al. 1 979) . USSR, the EEP: Lower 
Cambrian, Talsy and Vergale horizons (Volkova et al. 

1 979) ; Kazakhstan, Maly Karatau, Shabakty Formation : 
Lower Cambrian (Ogurtsova 1 985) . Sweden, Scania, Bran

tevik Sandstone and Hardeberga Sandstone: Lower Cam

brian, Holmia A zone and Norretorp Formation : Lower 
Cam brian, Holmia B zone; Kalmarsund region, ' Mobergella 

Sandstone ' :  Lower Cambrian, Holmia B zone; Vastergot

land, File Haidar Formation, Mickwitzia Sandstone Mem

ber: Lower Cambrian, Holmia B-C zone (Vidal 1981b ,  c ;  

Moczydlowska & Vidal 1 986) ; Ostergotland, File Haidar 

Formation, Mickwitzia Sandstone Member: Lower Cam

brian, Vergale Stage (Eklund 1 990) . Denmark, Bornholm, 

' Green Shales' : Lower Cambrian, Holmia B zone (Vidal 
1981b, c ;  Moczydlowska & VidaI 1 986) . Norway, Lake Mjøsa 
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Fig. 23. Bivariate plot ofsize distribution of Globosphaeridium ærinum 
(Volkova) comb.nov. in the Lower Cambrian of the Lublin Slope. 

region, 1 a� and l ba-1 b� beds: Lower Cambrian, Holmia C 

zone (Vidal 1 981b ,  c; Moczydtowska & Vidal 1 986) . Bel
gium, Massif de Rocroi , Devillien: Lower Cam brian (Van
guestaine 1978) . East Greenland, Elia ø, Bastion Forma

tion and North Greenland,  Buen Formation: Lower 
Cambrian (Moczydtowska & Vidal 1986; Vidal & Peel 
1988) . 

Globosphaeridium Sp . 
Material. - 31 poorly preserved specimens. 

Description. - Vesicles circular to oval in outline,  possessing 
slender solid processes. The processes are equal in thick
ness and sharp-pointed. 

Dimensions. - N=3 l .  Diameter of central body 25-30 jlm, 
x=27.35±O .36 jlm, cr=2 .00 jlm;  length of processes 5-7 jlm, 

x=5 .64±0. 1 3  jlm, cr=0 .75 jlm (Fig. 24) . 

Present record. - Poland, Lublin Slope of the EEP, drillcore 

Radzyn lG-1 , Kaplonosy and Radzyn formations: Lower 
Cambrian, Heliosphaeridium-Skiagia Zone. 

Genus Goniosphaeridium Eisenack, 1969, 
emend. !qellstrom, 1 971  

Type species. - Goniosphaeridium (Baltisphaeridium) polygonale 

Eisenack, 1931 , in Eisenack, 1959, p. 1 99,  Pl .  1 6:8 .  

Goniosphaeridium implicatum (Fridrichsone, 
1971 ) Downie , 1982 
Pl .  l OA 

Synonymy. - 0 1 969 Baltisphaeridium sp . l - Volkova, 1 969b, 
p .  226, Pl. 49 :20.  0 1 971 Baltisphaeridium implicatum Frid-
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Fig. 24. Bivariate plot o f  size distribution o f  Globosphaeridium sp. i n  
the Lower Cambrian o f  the Lublin Slope. 
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richsone sp. nov. - Fridrichsone, pp. 1 1-12 ,  Pl . 3 :7-14.  

0 1982 Goniosphaeridium implicatum (Fridrichsone 1971 ) 
comb. nov. - Downie,  p. 278,  non Fig. l Ov-x. 0 1 987 Balti

sphaeridium implicatum Fridrichsone, 1 971  - Knoll & Swett, 

p .  9 15 ,  Fig. 7 .7 .  

Material. - Five poorly preserved specimens . 

Description. - Spherical vesicles, irregular in outline, consist
ing of a massive central body and thin, slender and trans
parent processes. The processes have widened bases and 
sharp tips .  The central body is opaque . The cavity of the 

central body communicates freely with the processes. 

Dimensions. - N=5. Diameter of central body 1 6--38 jlm; 
length of processes 6--1 0 jlm. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebin lG-5 and Kaplonosy lG-1 , Kaplonosy and Radzyn 
formations: Lower Cam brian, Heliosphaeridium-Skiagia 

Zone; drillcore Parczew lG-10 ,  Kaplonosy and Radzyii. for
mations: Lower Cambrian, Volkovia-Liepaina Zone . 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drillcore Radzyn lG-1 : Lower Cambrian, Holmia and Pro

tolenus zones (s . l . )  and Middle Cambrian, Eccaparadoxides 

oelandicus and Paradoxides paradoxissimus Zones (Volkova 
1969a, b; Moczydtowska, 1 98 1 ) . USSR, the EEP: Lower 
Cambrian, Vergale and Rausve horizons; Middle Cam
brian, Kibartai horizon (Volkova et al. 1 979) . Sweden, Vas
tergotland, File Haidar Formation, Lingulid Sandstone 
Member: Lower Cambrian, Holmia C zone (Moczydtowska 
& VidaI 1 986) . Svalbard, East Spitsbergen,  South Tokamm
ane,  Topiggane and Andromedafjellet, Tokammane For
mation : Lower Cambrian (Knoll & Swett 1 987) . 

Goniosphaeridium varium (Volkova, 1969) 
Downie , 1982 
Pl. l OB 

Synonymy. - 0 1969 Baltisphaeridium varzum Volkova sp. 
nov. - Volkova, pp. 225-226, PIs. 50:4-8; 5 1 : 1 3 , 14 . 0 1 979 

Baltisphaeridium vanum Volkova, 1 969 - Volkova et aL , p.  1 3, 

Pl .  6 : 1-5 .  0 1 982 Goniosphaeridium vanum (Volkova 1969) 

comb. nov. - Downie, p .  278, Fig. I l a, b, g .  

Material. - 26 weU and fairly weU preserved specimens. 

Description. - Microfossils oval in outline consisting of a 
central opaque body covered by transparent, heteromor
phic processes. These are conical in shape; wide at the 
bases and tapering at the distal part. The cavity of the 
central body communicates with the inner cavity of the 
processes. 

Dimensions. - N=26. Diameter of central body 1 7-39 jlm,  

x=27.88±1 .20 jlm, cr=6 . 1 2 jlm; length of processes 5-1 6  !Im, 

x=8.46±0.56 jlm, cr=2 .85 jlm; Width of basal part of pro

cesses 3-5 jlm (Fig. 25) . 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyn lG-1 , Kaplonosy and Radzyn formations: Lower 

Cambrian, Heliosphaeridium-Skiagia Zone; drillcores Lo

piennik lG-1 , Parczew lG-10 and Radzyn lG-1 , Kaplonosy 
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Fig. 25. Bivariate plot  of size distribution of Goniosphaeridium vanum 
(Volkova) Downie in the Lower Cam brian of the Lublin Slope. 

and Radzyn forrnations: Lower Cambrian, Volkovia-Liepa

ina Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope ,  
drilIcore Radzyn IG-l : Lower Cambrian, Holmia and Pro

tolenus zones ( s . l . )  and Middle Cam brian, Eccaparadoxides 

oelandicus and Paradoxides paradoxissimus Zones; Podlasie 
Depression , drilIcores Biala Podiaska l ,  Podborowisko l 
and Okuniew IG- l :  Lower Cambrian, Holmia zone (s . I . ) ,  
drillcore Okuniew IG-l : Lower Cambrian, Protolenus zone 
(Volkova 1 969a, b ;  Volkova et al. 1 979; Moczydlowska 
1981 ) .  USSR, the EEP: Lower Cambrian, Vergale and Raus
ve horizons and Middle Cambrian, Kibartai and Deimenos 
horizons (Volkova et al. 1 979) . Sweden, Vastergotland, File 
Haidar Formation , Lingulid Sandstone Member: Lower 
Cambrian, Holmia C zone (Vidal 1981b;  Moczydlowska & 

Vidal 1 986) . Denmark, Bornholm, ' Green Shales' : Lower 
Cambrian, Holmia B zone (Vida1 1981  b, c; Moczydlowska & 
Vidal 1 986) . Norway, Lake Mjøsa region, lba-lb� beds: 
Lower Cambrian, Holmia C zone (Moczydlowska & Vidal 
1 986) . Scotland, Fucoid Beds: Lower Cambrian (Downie 
1982) . East Greenland, Elia ø, Bastion Fonnation: Lower 
Cam brian (Downie 1 982; Moczydlowska & Vida1 1 986) and 

North Greenland, Buen Formation: Lower Cambrian (Mo
czydlowska & Vidal 1 986; Vidal & Peel 1 988) . 

Goniosphaeridium Sp . 

Material. - Three poorly preserved specimens. 

Description. - Microfossils oval in outline consisting of cen
tral body with scattered long conical processes. The cavity 
of the central body communicates freely with the inner 

cavity of the processes. 

Dimensions. - N=3. Diameter of central body 35-47 JIm; 
length of processes 9-20 JIm. 

Present record. - Poland, Lublin Slope of the EEP, drilIcore 

Lopiennik IG-l , upper part of Mazowsze Formation : Lower 
Cambrian, Skiagia-FimlYriaglomerella Zone. 

Genus Granomarginata Naumova, 1960 

Type species. - Granomarginata prima Naumova, 1 960 , p .  1 1 4, 
Pl. 3 : 1 0 . 

FOSSILS AND STRATA 29 ( 199 1 )  

Granomarginata prima Naumova, 1 960 
Pl. 3C 

Synonymy. - 0 1960 Granomarginata prima sp. nov. - Naum
ova, p. 1 1 4, Pl. 3 : 1 0 . 0 1 968 Granomarginata prima 

Naumova - Volkova, p. 25, PIs. 4: 10-13 ;  1 0:6 . 0 1979 Grano

marginata prima Naumova, 1 960 - Volkova et al. , p. 19 ,  Pl .  

1 8 : 1-4. 0 1 986 Granomarginata prima Naumova - Moczy
dlowska & Vidal , Fig. 8]. 0 1 987 Granomarginata prima 

Naumova, 1 960 - Knoll & Swett, pp . 9 1 6-91 7, Figs. 8 . 1 0 ,  

8 . 1 4. 

Material. - 1 7  well-preserved specimens. 

Description. - Lensoidal vesicles having the central body 
surrounded by a spongy extension which forms a narrow 
rim. 

Dimensions. - N=17 .  Diameter of vesicle 24-40 JIm, x= 
3 1 .35±1 . 1 7  JIm, (}=4.84 JIm; diameter of central body 20-

30 JIm, x=23 .82±0.92 JIm, ()=3 .81  JIm; width of spongy rim 

2-5 JIm , x=4.00±0.27 JIm, ()=l . l l JIm (Fig. 26) . 

Remarks. - The species differs from Granomarginata squa

macea Volkova by having a narrower and more compacted 
rim. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Parczew IG-I0 ,  Radzyn IG-l and Kaplonosy IG-l , Mazowsze 
Formation : Lower Cambrian, Asteridium- Comasphaeridium 

Zone; drillcores Parczew IG-I0  and Kaplonosy IG-l , Kaplo

nosy and Radzyrl forrnations: Lower Cam brian, Skiagia

FimlYriaglomerella Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drilIcores Radzyn IG-l and Kaplonosy IG-l : Lower Cam
brian , Platysolenites Zone; Podlasie Depression, drillcores 
Biala Podiaska l ,  Mielnik IG-l and Podborowisko l :  Lower 
Cambrian, Platysolenites Zone (Volkova 1 969a, b; Volkova et 

al. 1 979) . USSR, the EEP: Lower Cam brian, Lontova and 

Talsy horizons (Volkova et al. 1 979) ; Kazakhstan, Maly Kara

tau, Chulakta Formation: Lower Cambrian (Ogurtsova 
1 985) . Sweden, Kalmarsund region, ' Mobergella Sands tone ' : 
Lower Cambrian, Holmia B zone (Moczydlowska & Vidal 
1 986) . Svalbard, East Spitsbergen ,  South Tokammane, To
piggane and Andromedafjellet, Tokammane Formation: 
Lower Cambrian (Knoll & Swett 1 987) . East Greenland, 
Elia ø, Bastion Formation : Lower Cambrian (Moczydlow
ska & Vidal 1 986) . 
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Fig. 26. Bivariate plot of size distribution of Granomarginata prima 
Naumova in the Lower Cam brian of the Lublin Slope. 
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Granomarginata squamacea Volkova, 1968 
Pl. 3D-F 

Synonymy. - 0 1968 Granomarginata squamacea Volkova, sp. 
nov. - Volkova, p .  25, PIs. 4: 1 4-19 ;  1 0:4, 5; 1 1 : 1 1 .  0 1 969 
Granomarginata squamacea Volkova - Volkova, 1969b, p. 
231 ,  PIs. 47:5, 1 7; 49: 1 2 .  0 1 978 Granomarginata squamacea 

Tynni, p. 48, Pl. 6:47, 48 . 0 1978 Annulum difeminatum 

FombeIla 1978, n.sp. - FombeIla, pp. 249-250, Pl. 3 : 18 ,  19 .  
0 1 979 Granomarginata squamacea Volkova, 1968 - Volkova 
et al. ,  p. 19 ,  Pl. 18 :5-9. 0 1 979 Granomarginata squamacea 

Volkova, 1968 - FombeIla, PIs. 1 :2 , 3 ;  3 :40 . 0 1 980 Grano

marginata squamacea Volkova, 1 968 - Moczydlowska, p. 472, 
Pl. 2 :5-7. 0 1981 Granomarginata squamacea Volk. - Moczy
dl"owska, Fig. 5J, L. 0 1 982 Granomarginata squamacea Vol
kova, 1968 - Downie, p. 279, Fig. U k. 0 1 983 Annulum 

squamaceum (Volkova, 1 968) comb.n.  - Martin & Dean, pp. 

359-360, PI. 43. 1 ,  Figs . 4, 7-1 2 .  0 1983 Granomarginata 

squamacea Volkova, 1 968 - Vanguestaine & Van Looy, Pl. 
1 : 1 0 . 0 1986 Granomarginata squamacea Volkova - Moczy
dtowska & Vidal, Fig. 8G. 0 1987 Granomarginata squamacea 

Volkova, 1968 - Knoll & Swett, p. 9 1 7, Fig. 8 . 18 . ,  non Fig. 
8 . 1 1 .  

Material. - 735 specimens, most of them well-preserved. 

Description. - Lensoidal vesicles, circular or oval in outline, 
having a spongy wall which forms a wide extension or rim 
surrounding the central body in the equatorial part. The 
spongy structure of the wall appears as irregular 'fi!aments' 
on the outline of the equatorial zone. 

Dimensions. - N=50. Size 20-55 }Ull, x=34.92±1 . 23 ]lm, 
a=8 .75 ]lm; diameter of central body 1 3-37 ]lm, x= 
23. 1 8±1 .02 ]lm, a=7.2 1  ]lm; thickness of wall in equatorial 
zone 5-1 2  ]lm, x=6.86±0.28 ]lm, a=1 .99 ]lm (Fig. 27) . 

Remarks. - Granomarginata squamacea differs from G. prima 

Naumova by having a thicker spongy rim and by more fluffy 
character of the vesicle wall .  

Some of the features described in the emended diagno
sis for the conspecific taxon Annulum squamaceum (Vol

kova, 1968) comb.n. proposed by Martin & Dean ( 1 983) 
were established on examination ofwell-preserved material 

under the scanning electron microscope. There is no rea
son to transfer the species to a new genus on the evidence 
of supplementary, more detailed morphological observa
tions. In my view these are a complement to the original 
diagnosis of the genus Granomarginata established by Nau
mova, 1960. The genus Annulum Fombella, 1978, is ajunior 
synonym of Granomarginata Naumova, 1960. 

Present record. - Poland, Lublin Slope of the EEP, drill co res 

Lopiennik IG-1 and Parczew IG-10 ,  upper part ofWlodawa 
Formation and drillcores Terebin IG-5, Lopiennik IG-1 , 

Parczew IG-10 ,  Radzyil IG-1 and Kaplonosy IG-1 , Mazowsze 
Formation: Lower Cambrian, Asteridium-Comasphaeridium 

Zone; drillcores Lopiennik IG-1 and Parczew IG-10 ,  upper 

part of the Mazowsze Formation: Lower Cambrian, Skiagia-

Fimbriaglomerelia Zone; driIlcores Terebin IG-5, Parczew IG-

1 0, Radzyil IG-1 and Kaplonosy IG-1 , Kaplonosy and Radzyil 

forrnations: Lower Cambrian, Heliosphaeridium-Skiagia 
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Fig. 2 7. Bivariate plot of size distribution of Granomarginata 
squamacea Volkova in the Lower Cambrian of the Lublin Slope. 

Zone; drillcore Parczew IG-10,  Kaplonosy and Radzyil for
mations: Lower Cambrian, Volkovia-Liepaina Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drillcore Kaplonosy IG-1 : Lower Cambrian, Platysolenites 

Zone and drillcore Radzyil IG-1 : Lower Cambrian, Platysole

nites Zone, Holmia and Protolenus zones (s . I . ) ; Podlasie De
pression, drillcores Biala PodIaska l, Mielnik IG-1 , Oku

niew IG-1 and Podborowisko l :  Lower Cambrian, Protolenus 

and Holmia zones (s . I . ) ;  drillcore Okuniew IG-l : Lower 
Cambrian, Schmidtiellus Zone (=Mobergelia) ;  Baltic Synecl
ise , drillcores Koscierzyna IG-1 and Prabuty lG-l : Lower 
Cambrian, Schmidtiellus Zone (=Mobergella) (Volkova 1 969a, 
b ;  Volkova et al. 1 979; Moczydlowska 1981 ) .  USSR, the EEP: 
Lower Cambrian, Lontova, Talsy, Vergale and Rausve hori
zons and Middle Cambrian, Kibartai horizon (Volkova et al. 

1979) ; Kazakhstan , Maly Karatau, Chulakta and Shabakty 
Forrnations: Lower Cambrian (Ogurtsova 1 985) . Finland, 
region Soderfjarden :  Lower Cam brian (Tynni 1 978) . Swe
den, Scania, Brantevik Sandstone and Hardeberga Sand
stone: Lower Cambrian, Holmia A zone; Norretorp Forma
tion: Lower Cambrian, Holmia B zone (Vidal 1981b, c ;  
Moczydtowska & Vidal 1 986) . Denmark, Bornholm, ' Green 
Shales ' :  Lower Cambrian, Holmia B zone (Vidal 1981b ,  c ;  
Moczydtowska & Vidal 1 986) . Norway, Lake Mjøsa region ,  

1 aa1-1 aa2 and 1 a� beds: Lower Cambrian, Holmia B and C 

zones, respectively (Vidal 1 98 1  b, c; Moczydtowska & Vidal 
1986) . Scotland, Fucoid Beds: Lower Cambrian (Downie 
1 982) . Belgium, Massif de Rocroi and Massif de Stave lot, 
Devillian :  Lower Cam brian (Vanguestaine 1978) . Spain 
Cantabrian Mts, Oville Formation: Middle and Upper Cam
brian, Ordovician,  Tremadocian (Fombella 1 978, 1 979) . 
Canada, Alberta, Gog Formation: Lower Cambrian 
(Downie 1 982) ; Newfoundland, Burin Peninsula: Lower 
Cam brian (Downie 1 982) and Manuels River, Brigus For
mation and Chamberlains Brook Formation: Lower and 
Middle Cambrian, respectively (Martin & Dean 1 983) . Sval

bard, East Spitsbergen,  South Tokammane,  Topiggane and 

Andromedafjellet, Tokammane Formation: Lower Cam
brian (Knoll & Swett 1 987) . East Greenland, Elia ø, Bas

tion Formation (Downie, 1 982; Moczydlowska & Vidal 
1 986) and Elia Island Formation: Lower Cambrian (Moczy
dlowska & Vidal 1 986) . Morocco, High Atlas Mts . ,  Tached

dirt Valley: Middle Cam brian (Vanguestaine & Van Looy 

1 983) . 
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Genus Heliosphaeridium n .gen . 

Type species. - Heliosphaeridium dissimilare (Volkova, 1969) 
comb. nov. (=Micrhystridium dissimilare Volkova, 1969) , Po
land, Lublin Slope of the EEP, drillcore Radzyn IG-l , Ka
plonosy formation, Lower Cambrian, Protolenus Zone . Vol
kova, 1969, p. 227, Pl .  50: 1 2 ,  13 ,  19 ,  20. 

Diagnosis. - Organic-walled microfossils with spherical to 
oval, thin-walled, single layered vesicle. The central body 
bears variable num ber of processes which are hollow and 
communicate with the central body cavity, but closed at the 
tips. The wall and processes have the same appearance. 
The bases of the processes have variable shapes and are 
generally widened. The process tips are simple or branch
ing. The processes are homeomorphic but occasionally a 
few of them may differ in shape . Excystment not observed. 

Derivation of name. - From Greek, helios, sun, referring to 
the radial processes arising from the central body. 

Species included. -, Heliosphaeridium coniferum (Downie ,  
1 982) comb. nov. , Heliosphaeridium dissimilare (Volkova, 
1 969) comb. nov. , Heliosphaeridium longum (Moczydl'owska, 
1 988) comb. nov. ,  Heliosphaeridium lubomlense (Kirjanov, 
1 974) comb. nov. , Heliosphaeridium notatum (Volkova, 
1 969) comb. nov. (=Micrhystridium notatum Volkova sp. 
nov. - Volkova 1 969b, p .  228, Pl. 5 1 : 1 6-1 9, Poland, drilI
core Radzyn IG-l , depth 1 044.5 m, Kostrzyn Formation , 
Middle Cambrian) ,  Heliosphaeridium obscurum (Volkova, 
1 969) comb. nov. , Heliosphaeridium radzynicum (Volkova, 
1 979) comb. nov. 

Heliosphaeridium coniferum (Downie , 1 982) 
comb. nov. 
PI. 8B-D 

Synonymy. - 0 1982 Micrhystridium coniferum n.sp. - Downie ,  
p .  260 ,  Figs. 4, 6q-t. 0 1 987 Micrhystridium cf. M. minutum 

Downie, 1 982 - Knoll & Swett, p. 9 19 ,  Fig. 8 .3 .  

Material. - Nine well-preserved specimens. 

Description. - Vesicles circular in outline. The central body 
bears numerous, evenly distributed processes. Processes 
are equal in length with conical and widened, but clearly 
separated bases. The tips of the processes are blunt. The 
cavities of central body and processes communicate . 

Dimensions. - N=9 .  Diameter of central body 5-1 0 jllIl , 
x=7.44±0.65 )lm, 0= 1 .94 )lm; length of processes 2-7 )lm, 

x=4.44±0.47 )lm, 0=1 .42 )lm (Fig. 28) . 

Remarks. - The species differs from Asteridium spinosum 

(Volkova, 1969 )  comb. nov. by having hollow processes 

and by its wider bases and blunt tips. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyn IG-l , Kaplonosy and Radzyn forrnations: Lower 

Cam brian, Skiagia-Fimbriaglomerella Zone; drillcores Tere

bin IG-5 and Kaplonosy IG-l , Kaplonosy and Radzyn forrna

tions: Lower Cambrian, Heliosphaeridium-Skiagia Zone. 
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Fig. 28. Bivariate plot o f  size distribution o f  Heliosphaeridium con
iferum (Downie) comb.nov. in the Lower Cam brian of the Lublin 
Slope. 

Occurrence and stratigraphie range. - Scotland, Fucoid Beds: 
Lower Cam brian (Downie 1 982) . Canada, Alberta, Gog 
Formation: Lower Cambrian (Downie 1 982) . Svalbard, 
East Spitsbergen,  South Tokammane, Tokammane Forma

tion: Lower Cambrian (Knoll & Swett 1 987) . 

Heliosphaeridium dissimilare (Volkova, 1 969) 
comb. nov. 
Pl .  8A, E-J 

Synonymy. - 0 1969 Micrhystridium dissimilare Volkova sp. 
nov. - Volkova, 1969b, p .  227,  Pl .  50: 1 2 , 1 3, 19 , 20. 0 1 979 
Micrhystridium dissimilare Volkova, 1 969 - Volkova et al. , p. 
1 4, Pl. 8 :  1-4. 0 1982 Micrhystridium dissimilare Volkova 
1 969 - Downie ,  pp. 260-261 , Fig. 6u. 0 1 982 Micrhystridium 

ordensis sp. nov. - Downie, p. 262, Fig. 6ff, gg, hh. 0 1 987 

Micrhystridium dissimilare Volkova, 1969 - Knoll & Swett, pp.  
9 1 7, 9 19 ,  Fig. 8 . 1 5 ;  non 8 . 1 2 .  

Material. - 1 1 47 well-preserved specimens and additional 
large number of poorly preserved specimens. 

Description. - Vesicle circular to oval in outline, possessing 

numerous long and evenly distributed processes. The bases 
of the processes are slightly widened and the tips are sharp
pointed. The processes are of ten irregularly curved. The 
vesicle cavity communicates with the processes. 

Dimensions. - N=50. Diameter of central body 1 0-18  )lm, 
x=14.30±0.33 )lm, 0=2 .33 )lm; length of processes 4-1 0 )lm , 
x=5 .64±O .22 )lm, 0=1 .57 )lm (Fig. 29) . 

Remarks. - The species differs from H. lubomlense (Kirjanov, 

1 974) comb. nov. by having a regular vesicle outline and 

slightly widened bases of processes. 

Present record. - Poland, Lublin Slope of the EEP, drilIcores 

Terebin IG-5, Lopiennik IG-l , Radzyn IG-l  and Kaplonosy 

IG-l , Kaplonosy and Radzyn forrnations: Lower Cambrian , 
Heliosphaeridium-Skiagia Zone; drillcores Lopiennik IG-l 

and Radzyn IG-l , Kaplonosy and Radzyn forrnations: Lower 

Cambrian, Volkovia-Liepaina Zone.  

Occurrence and stratigraphie range. - Poland, Lublin Slope, 

drillcore Radzyn IG-l : Lower Cambrian, Platysolenites Zone, 

Holmia and Protolenus zones ( s . l . )  and Middle Cam brian, 

Eccaparadoxides oelandicus and Paradoxides paradoxissimus 
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Fig. 29. Bivariate plot o f  size distribution o f  Heliosphaeridium dis
similare (Volkova) comb.nov. in the Lower Cambrian of the Lublin 
Slope. 

Zones; Podlasie Depression, drillcores Biata PodIaska l and 

Podborowisko 1 :  Lower Cam brian, Holmia zone (s . l . )  (Vol
kova 1 969a, b; Volkova et al. 1 979) . USSR, the EEP: Lower 
Cambrian, Vergale and Rausve horizons and Middle Cam
brian, Kibartai horizon (Volkova et al. 1979) ; Kazakhstan, 
Maly Karatau, Shabakty Formation: Lower Cambrian 
(Ogurtsova 1 985) . Sweden, Kalmarsund region ,  ' Mobergella 

Sandstone ' :  Lower Cambrian , Holmia B zone; Vastergot
land, File Haidar Formation, Lingulid Sandstone Member: 
Lower Cambrian, Holmia C zone (Vidal 1981b ,  c ;  Moczy
dtowska & VidaI 1 986) . Norway, Lake Mjøsa region, l aaj-

1 a� and 1 ba-1b� beds: Lower Cambrian, Holmia B and C 
zone, respectively (Vidal 1981b ,  c; Moczydtowska & Vidal 
1 986) . Scotland, Fucoid Beds: Lower Cambrian (Downie 
1 982) . Canada, Alberta, Mt Eisenhower, Gog Formation 
and Mt Whyte Formation: Lower Cambrian (Downie 
1 982) . Svalbard, East Spitsbergen,  South Tokammane, To
piggane and Andromedafjellet, Tokammane Formation: 

Lower Cambrian (Knoll & Swett 1987) . East Greenland, 
Ella ø,  Bastion Formation: Lower Cambrian (Downie 1 982; 
Moczydtowska & Vida1 1 986) and North Greenland, Buen 
Formation : Lower Cambrian (Moczydl'owska & Vida1 1987; 
Vidal & Peel 1 988) . 

Heliosphaeridium longum (Moczydl'owska, 
1988) comb. nov. 
Pl. 8P-Q 

Synonymy. - 0 1 988 Micrhystridium longum n.sp .  - Moczy
dtowska, pp. 7-8, Pl. 1 :5 , 6; Fig. 3 .  

Material. - Five poorly preserved specimens. The central 
body is usually deform ed by the growth of pyrite crystals. 

Description. - Vesicle oval in the outline, consisting of a 
central body and processes. The processes are slender and 

long in relation to the diameter of the central body. The 

inner cavity of processes communicates with the vesicle 
cavity. The bases of the processes are conical and elon
gated. The tips of the processes vary from acute to slightly 

rounded. 
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Dimensions. - N=5. Diameter of central body 7-1 2 JIm, 

x=10 .00±O.70 JIm, 0"=1 .58 JIm; length of processes 5-1 6  JIm, 
x=1 0.60±1 .60 JIm, 0"=3.57 JIm. 

Remarks. - The species differs from other heliosphaerids by 
having much longer processes in relation to diameter of 
the central body. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew IG-10,  Kaplonosy and Radzyn forrnations: Lower 
Cambrian, Volkovia-Liepaina Zone. 

Heliosphaeridium lubomlense (Kirjanov, 
1974) comb. nov. 
Pl. 8K-N 

Synonymy. - 0 1974 Micrhystridium lubomlense Kirjanov, sp. 
nov. - Kirjanov, pp. 1 25-1 26,  Pl. 8 : 1 ,  2 . 0 1 979 Micrhystrid

ium lubomlense Kirjanov, 1974 - Volkova et aL ,  p. 15 ,  Pl .  
8 :  1 2-1 4. 0 1 987 Micrhystridium dissimilare Volkova, 1969 -
Knoll & Swett, Fig. 8 . 1 2 .  

Material. - 48 well-preserved specimens. 

Description. - Vesicles irregularly circular or oval in outline, 
consisting of central body and processes. Numerous long 
processes are equally distributed on the central body. The 
processes have wide conical bases and the tips are sharp
pointed or slightly widened funnel-like . The conical bases 
of processes form a wavy outline of the central body. There 
is free communication between the cavity of the central 
body and processes. 

Dimensions. - N=48. Diameter of central body 1 0-20 JIm,  
x=1 5 .27±0 .39 JIm,  0"=2 .71  JIm;  length of processes 5-1 1 JIm,  
x=6.73±0.23 JIm, 0"=1 .6 1  JIm (Fig. 30) . 

Remarks. - The species differs from H. dissimilare (Volkova, 
1 969) comb. nov. by the wider conical bases of the pro
cesses and the wavy outline of the central body. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Terebin IG-5, Lopiennik IG-1 , Radzyn IG-1 and Kaplonosy 

IG-1 , Kaplonosy and Radzyn forrnations: Lower Cambrian , 
Heliosphaeridium-Skiagia Zone; drillcore Parczew IG-10 ,  Ka-
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Fig. JO. Bivariate plot o f  size distribution o f  Heliosphaeridium 
lubomlense (Kirjanov) comb.nov. in the Lower Cam brian of the 
Lublin Slope .  
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plonosy and Radzyn forrnations: Lower Cambrian, Vol

kovia-Liepaina Zone. 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian, Vergale and Rausve horizons, and Middle Cam
brian, Kibartai horizon (Volkova et al. 1979) ; Kazakhstan, 

Maly Karatau, Shabakty Formation: Lower Cambrian 
(Ogurtsova 1 985) . Svalbard, East Spitsbergen,  Topiggane, 
Tokammane Formation: Lower Cambrian (Knoll & Swett 
1987) . 

Heliosphaeridium obscurum (Volkova, 1 969) 
comb. nov. 
Pl. 80 

Synonymy. - 0 1 969 Micrhystridium obscurum Volkova sp. 
nov. - Volkova, 1 969b, p .  228, Pl .  5 1 :2 1-32. 0 1 971  Micrhy

stridium obscurum Volkova, 1 969b - Gardiner & Vanguesta
ine, p. 1 87, Pl. 1 :5-6. 0 1971 Micrhystridium dissimilare Vol

kova, 1969 - Gardiner & Vanguestaine, Pl. 1 : 1 , 2, 4. 0 1 978 

Micrhystridium dissimilare Volkova, 1969 - Vanguestaine, Pl. 
2 : 38-40. 0 1 979 Micrhystridium obscurum Volkova, 1 969 -
Volkova et al. ,  p. 15 ,  Pl. 9 :5-7, 1 1 . 0 1 98 1 Micrhystridium 

obscurum Volkova - Erkmen & Bozdog-an , Pl. 1 :9 .  0 1 98 1  

Micrhystridium dissimilare Volkova - Erkmen & Bozdog-an, 
Pl. 1 : 1 l .  0 1 982 Micrhystridium ellipticum sp . nov. - Downie ,  
p. 261 , Fig. 6v, w. 

Material. - Twelve well-preserved specimens. 

Description. - Vesicles oval in outline,  possessing a central 
body evenly covered by a small num ber of short processes. 
The processes are of variable width and have slightly wid
en ed bases with blunt or tapering ends. The cavities of 
central body and process communicate . 

Dimensions. - N=12 .  Diameter of central body 1 0-16 jllTI , 
x=1 3 .33±0.64 jlm, (J=2 .23 jlm; length of processes 2-5 jlm, 

x=3.50±0 .31  jlm, (J=1 .08 jlm (Fig. 3 1 ) . 

Remarks. - The species differs from Asteridium spinosum 

(Volkova, 1969)  comb. nov. by having few processes, in 
which the inner cavity communicates with the central body 
cavity, and additionally by having widened process bases .  

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Terebin lG-5 and Radzyil lG-1 , Kaplonosy and Radzyil for
mations: Lower Cam brian , Heliosphaeridium-Skiagia Zone; 
drillcore Parczew lG-l O, Kaplonosy and Radzyil forrnations: 

Lower Cambrian, Volkovia-Liepaina Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope ,  

drilIcore Radzyn lG-1 : Lower Cambrian, Protolenus zone 

(s . l . )  and Middle Cambrian, Eccaparadoxides oelandicus and 
Paradoxides paradoxissimus Zones (Volkova 1 969a, b; Vol
kova et al. 1979) . USSR, the EEP: Lower Cambrian, Vergale 

and Rausve horizons; Middle Cam brian , Kibartai and Dei

menos horizons (Volkova et al. 1 979) ; Kazakhstan, Maly 

Karatau, Shabakty Formation : Lower Cambrian (Ogur

tsova 1985) . Sweden, Vastergotland, File Haidar Forma

tion, Lingulid Sandstone Member: Lower Cam brian, Hol

mia C zone (Moczydlowska & Vidal 1986) . Ireland, Bray 

Group, Thulla Formation and Ribband Group, Booley Bay 
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Fig. 31. Bivariate plot of size distribution of Heliosphaeridium ob
scurum (Volkova) comb.nov. in the Lower Cambrian of the Lublin 
Slope. 

Formation: Lower and Middle Cambrian ( Gardiner & Van
guestaine 1971 ) .  Belgium, Massif de Stavelot, Revinien In

ferior: Middle Cam brian (Vanguestaine 1 978) . Canada, 
Alberta, �t Eisenhower, Gog Formation: Lower Cam brian 
(Downie 1982) . Turkey, region Merdin-Derik, Sosink For

mation: Cambrian (Erkmen & Bozdog-an 1 98 1 ) .  

Heliosphaeridium radzynicum (Volkova, 
1 979) comb. nov. 
Pl .  8R-S 

Synonymy - O 1 969 Micrhystridium parvum Volkova sp. nov. -
Volkova, 1 969b, p. 229, Pl .  50 :21-26. 0 1979 Micrhystridium 

radzynicum Volkova nom. nov. - Volkova et al. , p. 1 6, Pl .  
9 : 1 2 , 13 . .  

Material. - Three well-preserved specimens. 

Description. - Vesicle irregularly polygonal in outline, pos
sessing scattered processes. The bases of the processes are 

slightly widened and the tips sharp-pointed. The cavities of 
processes and central body communicate . 

Dimensions. - N=3. Diameter of central body 5-6 jlm; length 
of processes 2-3 jlm. 

Remarks. - The species differs from other heliosphaerids by 
the polygonal outline of the central body and by its ex
tremely small size . 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Terebin lG-5 and Kaplonosy IG-1 , Kaplonosy and Radzyil 
forrnations: Lower Cambrian, Heliosphaeridium-Skiagia 

Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope , 

drillcore Radzyil IG-1 : Lower Cambrian, Holmia and Pro

tolenus zones ( s . l . )  (Volkova 1969a, b;  Volkova et al. 1 979) . 

USSR, the EEP: Lower Cambrian, Vergale and Rausve ho

rizons (Volkova et al. 1 979) . 

Heliosphaeridium Sp. 
Material. - 16 poorly preserved specimens. 

Description. - Vesicle circular to oval in outline consisting of 
a central body and processes. The central body cavity com

municates with the cavity of the processes. The processes 
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are widened at the proximal part, tapering or blunt at the 

distal ends. 

Dimensions. - N= 1 6. Diameter of central body 10-18 ]lm; 
length of processes 4-8 ]lm. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyn IG-l , Kaplonosy and Radzyn forrnations: Lower 
Cambrian, Skiagia-Fimbriaglomerella Zone; drillcores Lo
piennik IG-l and Radzyn IG-l , Kaplonosy and Radzyn for
mations: Lower Cambrian, Heliosphaeridium-Skiagia Zone; 
drilIcore Parczew IG-l O ,  Kaplonosy and Radzyn forrnations: 
Lower Cambrian, Volkovia-Liepaina Zone . 

Genus Leiosphaeridia Eisenack, 1 958,  
emend. Downie & Sarjeant, 1963 

Type species. - Leiosphaeridia baltiea Eisenack, 1 958, p .  8 ,  Pl. 
2 :5 .  

Leiosphaeridia Sp . 
Pl. 1 2A-H, 1 3A-J, 1 4A-F, 15C 

Material. - More than 23 000 specimens, most of them 
well-preserved. 

Description. - Circular to oval vesicles with smooth sur
face .The wall of vesicle is thin and delicate, or solid and 
thick (up to l ]lm in thickness) . Compression folds are 
small ,  irregular or wide roll-like , and are irregularly distrib
uted. Excystment by median split. 

Dimensions. - N=100.  Diameter of vesicle 15-330 jlm, 
x=55.38±5 .39 ]lm, 0'=53.90 ]lm. Additional specimens oc
curring in clusters are usually smaller, with diameters at 
about 10 ]lm. 

Remarks. - Specimens belonging to the genus Leiosphaeridia 

in the investigated material are not identified to the species 
level .  The morphological differences are restricted to vesi
cle diameter and wall thickness, which determine the shape 

of the compression folds forrned during compaction. Py

lomes are not observed in the present material . Median 
split seems to be random and not predetermined by any 
special structure of the wall (PIs. 1 2G; 1 3I ,J ) . The accumu
lation of organic matter in the cavity of certain specimens 
(Pl. 1 3C, 1 5C) may be the result of the condensation of 
cytoplasm (Volkova 1 964; Awramik et al. 1972; Hofmann 

1 976; Lindgren 1 982a) . 
Two types of leiosphaeres are observed, namely thin

walled, transparent, with delicate compression folds (Pl .  
1 2A, D,  G) , and thick-walled, with roll-like compression 

folds (Pl. 1 2E, F, H,  Pl. 1 3B, D) . Previously, these morpho

types were referred to as ' type A' and ' type B'  (Volkova 

1 864) or ' sp .  l '  and ' sp .  2' (Moczydtowska & Vidal 1 986) . 
There is a full  array of transitional forms between the two 
main types (cf. Pl. 1 2 ,  1 3 ,  1 4A-F) , and there are no ade

quate and objective criteria for a subdivision at the specific 
level .  l consider previous such attempts (e .g. Kirjanov 1974; 

Jankauskas 1976; Aseeva 1 976, 1983; Paskeviciene 1 980) 

unconvincing. 
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Occurrenæ and stratigraphie range. - Leiosphaeridia spp .  is the 

most common and abundant form taxon of microphyto

plankton in Vendian and Cam brian strata in Poland ( the 

EEP, the Holy Cross Mts . ,  Upper Silesia) , Sweden, Den
mark, Norway, Greenland, Svalbard, Great Britain, Bel
gium, France, Spain, USSR ( the EEP and the Siberian 
Platform, the Urals) , U.SA.,  Canada and China. The genus 
is known to occur from late Proterozoic to Tertiary 
(Downie & Sarjeant 1 964; Tappan 1 980; Lindgren 1 982a, 
bl · 

Genus LiepainaJankauskas & Volkova, 1979 

Type species. - Liepaina plana Jankauskas & Volkova, 1979, in 

Volkova et aL,  pp. 28-29, PIs. 20: 1-6; 2 1 : 1 ,  2 .  

Liepaina planaJankauskas & Volkova, 1979 
Pl. l OC-D 

Synonymy. - O 1979 Liepaina plana J ankauskas et Volkova sp. 
nov. - Volkova et al. ,  pp. 28-29, PIs. 20: 1-6; 2 1 : 1 ,  2. 

Material. - 26 fairly well-preserved specimens. 

Description. - Vesicle polygonal in outline. Spoke-like and 
wide elements, 7-1 2  in number, project radially from the 
equatorial margin of the central body. The spokes support 
a surrounding brim-like membrane. Both the central body 

and the membrane have smooth surfaces. 

Dimensions. - N=26. Diameter of vesicle 38-65 ]lm, x= 
56. 1 9±1 .58 ]lm, 0'=8 .08 jlm; diameter of central body 20-
34 jlm, x=27.92±0.78 ]lm, 0'=3.98 jlm; membrane width 9-

1 8  jlm, x=1 4.42±O.59 ]lm,  0'=3.00 ]lm (Fig. 32) . 

Remarks. - The marginal part of the brim-like membrane i s  
of ten poorly preserved. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Lopiennik IG-l and Parczew IG-I0,  Kaplonosy and Radzyn 
forrnations: Lower Cambrian, Volkovia-Liepaina Zone. 

Occurrenæ and stratigraphie range. - USSR, the EEP: Middle 
Cambrian, Kibartai horizon (Volkova et al. 1979) . Norway, 

Lake Mjøsa region, l a� bed: Lower Cambrian , Holmia C 

zone (Moczydtowska & VidaI 1 986) . 

Genus Lophosphaeridium Timofeev, 1 959, 
ex Downie, 1 963, emend. Lister, 1 970 

Type species. - Lophosphaeridium rarum Timofeev ex Downie, 
1 963, p .  630 [=Lophosphaeridium rarum Timofeev, 1 959, p. 
29, PIs. 2:5; 24:2) . 

Lophosphaeridium dubium (Volkova, 1 968) 
comb. nov. 
Pl. 3A 

Synonymy. - 0 1968 Baltisphaeridium dubium Volkova, sp. 

nov. - Volkova, p .  18, PIs. 1 :8 , 9 ;  1 1 :6 . 0 1979 Baltisphaerid

ium dubium Volkova, 1968 - Volkova et al. ,  p. 9, Pl .  5 :3 ,  4. 

0 1 986 Baltisphaeridium dubium Volkova - Moczydtowska & 

Vidal, Fig. l l E-F. 
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Fig. 32. Bivariate plot o f  size distribution o f  Liepaina plana 
]ankauskas & Volkova in the Lower Cam brian of the Lublin Slope. 

Material. - Two well-preserved specimens. 

Description. - Vesicle oval in outline and covered by numer
ous sculptural elements evenly distributed on the surface .  
Sculptural elements short and solid, resembling thorns 
with rounded distal tips. 

Dimensions. - N=2. Diameter of vesicle 35-38 pm; length of 
sculpture elements 1-2 pm. 

Remarks. - The species differs from Lophosphaeridium trun

catum Volkova by having thorn-like sculpture elements. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyit IG-1 , Kaplonosy and Radzyit forrnations: Lower 
Cambrian, SkiagirrFimbriaglomerella Zone. 

Occurrence and stratigraphic range. - Poland, Lublin Slope, 
drillcore Radzyit IG- l :  Lower Cambrian, Holmia and Pro

tolenus zones (s . I . ) ; Baltic Syneclise , drillcore Prabuty IG-1 , 
Zawiszyn Formation : Lower Cambrian, Schmidtiellus Zone 
(=Mobergella) (Volkova et al. 1 979) . USSR, the EEP: Lower 
Cambrian, Talsy and Vergale horizons (Volkova et al. 

1979) . Sweden, Scania, Norretorp Formation : Lower Cam
brian, Holmia B zone; Vastergotland, File Haidar Forma
tion, Mickwitzia Sandstone Member and Lingulid Sand
stone Member: Lower Cambrian , Holmia B-C and Holmia C 

zone, respectively (Vidal 1981b ,  c; Moczydl'owska & Vidal 

1986) . Denmark, Bornholm, ' Green Shales ' :  Lower Cam

brian, Holmia B zone (VidaI 1 981c ;  Moczydl'owska & Vidal 
1 986) . Norway, Lake Mjøsa region,  1 ba-1b� beds: Lower 
Cam brian, Holmia C zone (VidaI 1981b ,  c; Moczydl'owska & 
Vidal 1986) . East Greenland, Elia ø, Bastion Formation 
and North Greenland, Buen Formation : Lower Cambrian 
(Moczydl'owska & Vidal 1986; Vidal & Peel 1 988) . 

Lophosphaeridium tentativum Volkova, 1 968 
Pl. 2G-I 

Synonymy. - O 1968 Lophosphaeridium tentativum Volkova, sp. 

nov. - Volkova, p .  24, PIs. 3:4, 5; 1 1 : 7 . 0 1 974 Lophosphaerid

ium tentativum Volkova, 1 968 - Vanguestaine ,  Pl. 1 :6 .  
0 1978 Lophosphaeridium tentativum Volkova, 1968 - Van

guestaine, Pl. 1 : 20-25. 0 1 978 Lophosphaeridium tenta

tivum - Tynni, Pl .  7 :6l . 0 1979 Lophosphaeridium tentativum 

Volkova, 1 968 - Volkova et al. , p. 22,  Pl. 1 3 :4-9 . 0 1 982 

Lophosphaeridium tentativum Volkova, 1 968 - Downie, p .  
279 ,  Fig. l In .  0 1 986 Lophosphaeridium tentativum Volkova 

Moczydl'owska & Vidal, Fig. 8H. 

Material. - 84 well preserved specimens. 
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Description. - Vesicle circular to oval in outline ,  thin-walled 
and covered by small granulae which constitute the surface 

sculpture . 

Dimensions. - N=50. Diameter of vesicle 1 5-50 pm, x= 

3 l .50± 1 . l 4  pm, 0"=8.09 pm. 

Present record. - Poland, Lublin Slope of the EEP, drilleore 

Parczew IG-10,  upper part of Wl'odawa Formation and 
drillcores Terebin IG-5, Parczew IG-1 0,  Radzyit IG-1 and 

Kaplonosy IG-1 , Mazowsze Formation : Lower Cambrian, 
Asteridium-Comasphaeridium Zone; drilleore Lopiennik IG
l ,  upper part of the Mazowsze Formation and drilleores 
Parczew IG-l O,  Radzyit IG-1 and Kaplonosy IG-1 , Kaplonosy 

and Radzyit forrnations: Lower Cambrian, SkiagirrFimbria

glomerella Zone; drilleores Lopiennik IG-1 , Parczew IG-10,  
Radzyit IG-1 and Kaplonosy IG-1 , Kaplonosy and Radzyit 
forrnations: Lower Cambrian, Heliosphaeridium-Skiagia 

Zone. 

Occurrence and stratigraphic range. - Poland, Lublin Slope, 
drillcore Radzyit IG-1 : Lower Cambrian, Holmia and Pro

tolenus zones (s . I . ) ;  Podlasie Depression, drilleore Okuniew 
IG-1 : Lower Cambrian, Holmia zone (s . l . )  (Volkova 1969a; 
Volkova et al. 1 979; Moczydl'owska 1 981 ) .  USSR, the EEP: 
Lower Cambrian, Talsy and Vergale horizons (Volkova et 

al. 1979) ; Kazakhstan, Maly Karatau, Shabakty Formation: 
Lower Cambrian (Ogurtsova 1 985) . Finland, region Soder
fjarden: Lower Cambrian (Tynni 1 978) . Sweden, Scania, 

Brantevik Sandstone and Norretorp Formation: Lower 
Cambrian, Holmia A and B zone, respectively; Kalmarsund 
region, ' Mobergella Sandstone ' :  Lower Cambrian, Holmia B 
zone; Vastergotland, File Haidar Formation, Mickwitzia 

Sandstone Member and Lingulid Sandstone Member: 

Lower Cambrian , Holmia B-C and C zone, respectively 
(Vidal 1981b ,  c; Moczydl'owska & Vidal 1 986) . Denmark, 
Bornholm, Balka Sandstone and ' Green Shales ' :  Lower 
Cambrian, Holmia A and B zone, respectively (VidaI 1 981b ,  

c ;  Moczydl'owska & Vidal 1986) . Norway, Lake Mjøsa re

gion, 1 aa,-l aa2 and 1 a� be ds: Lower Cambrian, Holmia B 
and C zone, respectively (Vidal 1981b ,  c; Moczydlowska & 
Vidal 1 986) . Scotland, Fucoid Beds: Lower Cambrian 
(Downie 1 982) . Belgium, Massif de Rocroi and Massif de 
Stave lot (drillcore Grand-Halleux) ,  Lower Revinien-Mid
dIe Cambrian (Vanguestaine 1 974, 1978) . Canada, Alberta, 
Mt Eisenhower, Gog Formation : Lower Cambrian (Downie 
1 982) . East Greenland, Elia ø, Bastion Formation: Lower 
Cambrian (Downie 1 982; Moczydl'owska & Vida1 1986) and 

North Greenland, Buen Formation: Lower Cambrian (Mo

czydlowska & Vida1 1 986; Vidal & PeeI 1 988) . 

Lophosphaeridium truncatum Volkova, 1969 
Pl. 3B 

Synonymy. - 0 1969 Lophosphaeridium truncatum sp . nov. -

Volkova, 1 969b, p. 233, Pl. 50:9,  10 . 0 1969 Lophosphaerid

ium sp . 1 - Volkova, 1969b, p. 233, Pl. 5 1 :39.  0 1979 Lopho

sphaeridium truncatum Volkova, 1 969 - Volkova et al. , p. 22 ,  

Pl. 4:6, 7 .  0 1 987 Lophosphaeridium truncatum Volkova, 

1 969 - Knoll & Swett, p. 9 17 ,  Figs . 7 . 1 4, 7 . 15 .  

Material. - 24 fairly well-preserved specimens. 
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Description. - Vesicle oval i n  outline and covered by irregu

larly distributed surface sculpture elements consisting of 

clavate coarse grains and discrete granulae . 

Dimensions. - N=24. Diameter of vesicle 25-80 JIm, 
x=45 .75±2 .54 JIm, 0'=1 2.45 JIm; height of sculpture ele
ments 1-2 JIm. 

Remarks. - Volkova ( 1969b) described two acritarch spe
eies, Lophosphaeridium truncatum and Lophosphaeridium sp. l ,  
which differ i n  dimensions and i n  their stratigraphic 
ranges. L. truncatum was described from Lower Cam brian 
rocks, while Lophosphaeridium sp. l was reported from the 
Middle Cambrian . Later, L. truncatum was also recorded in 
Middle Cambrian strata (Volkova et al. 1 979) . In the Lublin 

Slope of the EEP, specimens of Lophosphaeridium with a 
larger diameter and coarse tubercular sculpture (LoPho

sphaeridium sp . l according to Volkova 1 969b) occur in the 
Lower Cambrian. Thus the morphologies and ranges over
lap, and there is no sound criterion to recognize two sepa
rate spe eies. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew IG-l , Kaplonosy and Radzyil forrnations: Lower 

Cambrian, Skiagia-Fimbriaglomerella Zone; drillcores Tere
bin IG-5 , Radzyil IG-l and Kaplonosy IG-l , Kaplonosy and 

Radzyil forrnations: Lower Cam brian, Heliosphaeridium

Skiagia Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drillcore Radzyil IG-l : Lower Cambrian, Holmia and Pro

tolenus zones ( s . l . )  and Middle Cambrian, Eccaparadoxides 

oelandicus and Paradoxides paradoxissimus Zones; Podlasie 
Depression, drillcore Okuniew IG-l : Middle Cambrian, 
Eccaparadoxides oelandicus Zone (Volkova 1969a, b; Volkova 
et al. 1 979; Moczydlowska 1981 ) .  USSR, the EEP: Lower 

Cambrian, Talsy, Vergale and Rausve horizons and Middle 
Cambrian, Kibartai horizon (Volkova et al. 1 979) ; Kazakh
stan, Maly Karatau, Shabakty Formation : Lower Cambrian 
(Ogurtsova 1 985) . Svalbard, East Spitsbergen ,  South To
kammane and Andromedafjellet, Tokammane Formation: 

Lower Cambrian (Knoll & Swett 1987) . 

Lophosphaeridium Sp . 

Material. - Two poorly preserved specimens. 

Description. - Vesicle oval in outline covered by tightly ar
ranged small, denticle-like sculptural elements. 

Dimensions. - N=2. Diameter of vesicle 45-75 and 100-

1 10 JIm. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Lopiennik IG-l ,  Kaplonosy and Radzyil forrnations: Lower 
Cambrian, Skiagia--Fimbriaglomerella Zone and drillcore Ka

plonosy IG-l , Kaplonosy and Radzyil forrnations: Lower 
Cam brian, Heliosphaeridium-Skiagia Zone. 

Acritarch biostratigraphy in southeastern Poland 63 

Genus Multiplicisphaeridium Staplin , 1 961 , 
emend. Staplin , ]ansonius & Pocock, 1 963, 
emend. Eisenack, 1 969 

Type species. - Multiplicisphaeridium ramispinosum Staplin, 
1 961 , p .  41 1 ,  PI .  48:24. 

Multiplicisphaeridium dendroideum 
Oankauskas, 1 976) ]ankauskas & Kirjanov, 
1979 
Pl. 9L 

Synonymy. - 0 1976 Baltisphaeridium dendroideum jankau
skas, sp . nov. - jankauskas, p. 1 89 ,  PI. 25 : 19 . 0 1 977 Multi

plicisphaeridium xianum FombeIla n .sp .  - FombeIla, p. 1 1 9 ,  

PI .  1 : 1 3 .  0 1978 Multiplicisphaeridium xianum FombeIla 
1 977 - FombeIla, PI .  3:5. 0 1 979 Multiplicisphaeridium den

droideum Qankauskas, 1976) jankauskas et Kirjanov, comb. 
nov. - Volkova et al. , p. 1 7, PI. 3 : 1-7. 0 1982 Multiplicisphae

ridium dendroideum Qankauskas 1 976) Volkova et al. 1979 -
Downie, p. 262, Fig. 7k-1 . 

Material. - One well-preserved specimen. 

Description. - Vesicle oval in outline and consisting of a 
central body bearing long processes. The processes are 

wide in the proximal part, gradually thinning towards the 
distal part. The ends of the processes are heteromorphic,  
simple and branching into two or three branches. The 
central body cavity is connected with the inner cavity of the 
processes. 

Dimensions. - Diameter of central body 20 JIm; length of 
processes 15 JIm. 

Present record. - Poland, Lublin Slope of the EEP, drilIcore 
Kaplonosy IG-l , Kaplonosy and Radzyil forrnations: Lower 
Cambrian, Heliosphaeridium-Skiagia Zone . 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian, Vergale and Rausve horizons and Middle Cam
brian, Kibartai horizon (Volkova et al. 1 979) . Scotland, 
Fucoid Beds:  Lower Cam brian (Downie 1 982 ) . England, 

Hollybrush Sandstone and Wales, Hells Mouth Grit: Lower 

Cambrian (Downie 1 982) . Spain, Cantabrian Mts . ,  Oville 
Formation: Middle Cambrian (FombeIla 1 977, 1 978, 
1 979) . East Greenland, Elia O, Bastion Formation: Lower 

Cambrian (Downie 1 982) . 

Genus Pterospermella Eisenack, 1 972 

Type species. - Pterospermella aureolata ( Cookson & Eisen
ack) Eisenack, 1972,  p .  597, text-Figs. 1-3 [=Pterospermopsis 

aureolata Cookson & Eisenack, 1 958, p. 49, PI .  9: l 0-1 2 ] . 

Pterospermella solida (Volkova, 1 969) 
Volkova, 1 979 
Pl. 4F-G 

Synonymy. - 0 1 969 Pterospermopsis solida Volkova sp. nov. 

Volkova, pp. 234-235, PI .  49: 15 ,  16 . 0 1979 Pterospermella 

solida (Volkova, 1 969) Volkova, comb. nov. - Volkova et al. ,  
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p. 29, Pl. 1 7 :3 , 6. 0 1 987 Pterospermella cf. P. solida (Volkova) 

Volkova, 1979 - Knoll & Swett, p. 9 1 5 ,  Fig. 7 .8 .  

Material. - 49 well-preserved speeimens. 

Description. - Vesicle eireular or oval in outline. The inner 
body is spherieal or ovoidal, surrounded in the equatorial 

part by a thin membrane whieh is stretehed on radial , 
irregularly distributed elements. The supporting rod-like 
elements vary in length and the outline of the membrane 
is irregular. 

Dimensions. - N=20. Size of vesicle 28-50 }lm, x= 

35.55±1 .40 }lm, cr=6.27 }lm; diameter of inner body 14-
25 }lm, x=19 .55±0.74 }lm, cr=3 .31 }lm; width of membrane 

5-15 }lm, x=9 . 15±0 .57 }lm, cr=2.58 }lm (Fig. 33) . 
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Fig. 33. Bivariate plot of  size distribution of  Pteraspermella salida 
(Volkova) Volkova in the Lower Cam brian of the Lublin Slope. 

Remarks. - The speeies differs from Pterospermella vitalisJan

kauskas by the variable length of the supporting elements 

and their irregular distribution . 

Present record. - Poland, Lublin Slope of the EEP, drillcores 

Lopiennik IG-l and Parezew IG-1 0,  Kaplonosy and Radzyii 
forrnations: Lower Cambrian, Volkovia-Liepaina Zone . 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian, Vergale and Rausve horizons and Middle Cam
brian, Kibartai horizon (Volkova et al. 1979) . Sweden, Vas
tergotland, File Haidar Formation, Lingulid Sandstone 
Member: Lower Cambrian, Holmia C zone (Vidal 1981b ;  
Moezydl'owska & Vidal 1986) . Svalbard, East Spitsbergen, 
South Tokammane, Topiggane and Andromedafjellet, To
kammane Formation: Lower Cambrian (Knoll & Swett 

1987) . 

Pterospermella velata Moczydlowska, 1 988 
Pl .  4A-D 

Synonymy. - O 1 986 Pterospermella n.sp . l - Moezydtowska & 

Vidal , Fig. 81 .  0 1 987 Granomarginata squamacea Volkova, 

1 968 - Knoll & Swett, Fig. 8 . 1 1 .  0 1 988 Pterospermella velata 

n.sp .  - Moezydl'owska, 1988a, p. 7, Pl. 1 : 7, 8 ;  Fig. 3.  O non 

1 989 Pterospermella velata Moezydl'owska 1 988 - Hagenfeldt, 

1 989a, p. 10 1-103,  Pl. 4:9. 
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Material. - 273 speeimens, most of them well-preserved. 
Some of them display damaged marginal parts of the mem
brane. 

Description. - Vesicle eireular to oval in outline. The inner 
body is spherieal , solid and surrounded by an outer mem
brane. The membrane is delicate , transparent and of ten 
slightly wrinkled. The margin of the membrane is irregular. 

Dimensions. - M= 1 00. Diameter of vesicle 25-65 }lm (holo
type 55-60 }lm ) ,  x=44.83±0.85 11m, cr=8 .55 11m; diameter of 

inner body 1 5-35 I1x=25.06±0.43 }lm , cr=4.46 }lm;  width of 
membrane 3-1 6 }lm, x= 10 .36±0 .24 }lm, cr=2 .38 }lm (Fig. 
34) . 
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Fig. 34. Bivariate plot of  size distribution of  Pteraspermella velata 
Moczydlowska in the Lower Cambrian of the Lublin Slope. 

Remarks. - The spe eies differs from Pterospermella solida 

(Volkova) Volkova by the laek of radially supported ele
ments (rods) in the outer membrane, and from Ptero

spermella vitalis Jankauskas by the irregular outline of the 

membrane and laek of radial elements. From Pterospermella 

vitrea (Volkova) Volkova it differs by having a very clearly 
defined inner body. It additionally differs from Granomargi

nata squamacea Volkova by having thin and single-layered 
surrounding membrane eontrary to spongy wall of G. 

squamacea. 

Present record. - Poland, Lublin Slope of the EEP, drilleores 
Lopiennik IG-1 , Parezew IG-I 0, Radzyii IG-l and Kaplonosy 
lG-1 , Mazowsze Formation: Lower Cambrian, Asteridium

Comasphaeridium Zone. 

Occurrence and stratigraphie range. - Svalbard, East Spits

bergen, Andromedafjellet: Lower Cambrian (Knoll & 
Swett 1 987) . 

Pterospermella vitalis J ankauskas, 1 979 
Pl. 4E 

Synonymy. - 0 1 979 Pterospermella vitalis Jankauskas sp. 

nov. - Volkova et al. ,  p.  29, Pl. 1 7:4, 5 .  

Material. - Two well-preserved speeimens. 
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Description. - Vesicle oval in outline and consisting of the 

solid inner body surrounded in the equatorial plane by a 
smooth and transparent membrane. The membrane is 

stretched over stiff, regular and radial rod-like elements 

which are of alm ost equal length . 

Dimensions. - N=2. Size 2 1-41 lim; diameter of inner body 
1 6--26 lim; width of membrane 4-8 lim. 

Remarks. - The speeies differs from Pterospermella solida 

(Volkova) Volkova by its regular and uniform supporting 
elements of the membrane.  

Present record. - Poland, Lublin Slope of the EEP, drilleore 
Parczew IG-I0 ,  Mazowsze Formation: Lower Cambrian, As

teridium-Comasphaeridium Zone; drilleore Lopiennik IG-l , 
Kaplonosy and Radzyil formations: Lower Cambrian, Helio

sphaeridium-Skiagia Zone. 

Occurrence and stratigraphie range. - Poland, Baltic Syneclise, 

drilleore Prabuty IG-l , Zawiszyn Formation: Lower Cam
brian, Schmidtiellus Zone (=Mobergella) (Volkova et al. 1 979) . 
USSR, the EEP: Lower Cambrian, Talsy and Vergale hori
zons and Middle Cambrian, Kibartai horizon (Volkova et al. 

1 979) . 

Pterospermella Sp . 
Material. - Twelve poorly preserved specimens. 

Description. - Vesicle oval in outline .  The inner body is 
circular or oval and surrounded at the equatorial pl ane by 
a membrane without supporting elements. 

Dimensions. - N= 1 2 .  Vesicle size 50-66 lim; diameter of 
inn er body 1 7-30 lim; width of membrane 10-22 lim. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew IG-I 0,  Kaplonosy and Radzyil formations: Lower 
Cam brian , Skiagia-Fimbriaglomerella Zone; drilleores Ra
dzyil IG-l and Kaplonosy IG-l , Kaplonosy and Radzyil for

mations: Lower Cambrian, Heliosphaeridium-Skiagia Zone; 
drillcores Lopiennik IG-l  and Radzyil IG-l , Kaplonosy and 
Radzyil formations: Lower Cambrian, Volkovia-Liepaina 

Zone. 

Genus Skiagia Downie, 1982,  emend. 

Type species. - Skiagia scottica Downie, 1982,  p .  264, Figs. 5 ,  
8k-I, 9 .  

Emended diagnosis. - Spherical or slightly ellipsoidal vesicle 
bearing proeesses which are hollow but do not communi
cate with the central body cavity. The proeesses may be 

simply attached to the wall of the central body, but in some 
forms they have widened bases with proximal plugs. The 

proeesses are widened distally in the shape of a funnel with 

closed terminations. The excystment is by median split. 

Remarks. - Downie ( 1 982 , p. 263) comments that the funne l 
terminations of the proeesses are opened distally. This 
feature could imply a similarity with acritarchs attributed to 

the genus Hystrichosphaeridium Deflandre, 1 937, emend. 

Eisenack, 1958, emend. Davey & Williams, 1 966. In the 
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present material abundant specimens occur of almost all 

known species of Skiagia (except one) . Speeimens with 

distally opened proeesses were not observed in the present 

collection from the Lublin Slope, nor in collections from 

Scandinavia, Greenland (G. Vidal, University of Lund) , 
and the EEP in the USSR (N.A. Volkova, Geological Insti
tute of the USSR Academy of Sciences, Moscow) . 

Severai species of Skiagia have be en distinguished on the 
basis of major diagnostic charaeter, i .e .  the shape of pro
cesses. A study of numerous collections revealed a great 
variability in this particular feature within disc re te speeies 
or between the nearest similar speeies. In morphotype

based form-taxonomy, the distinetion of form-species can 
be done by convenience, choosing subjectively established 
limits. The intra- and interspecific variability sometimes 
renders the specific assignation difficult. Gradual morpho
logical changes are particularly notable between acritarchs 
attributed to S. orbiculare and S. ornata, and between differ

ent morphotypes of S. ciliosa. 

The stratigraphic ranges of S. orbiculare and S. ornata are 
identical, and morphotypes of S. ciliosa co-occur within its 
range . A possible explanation for the co-existence of these 
morphotypes may be that they are encysted or vegetative 
cells of a single biological speeies that presents a wide 
intraspecific variability (e .g . ,  S. ciliosa with its morphologi
cal types A and B) . Alternatively, they may belong to differ
ent speeies which could have produced morphologically 

overlapping encysted or motile cells (e .g . ,  S. orbiculare and 

S. ornata, or S. compressa and S. ciliosa) . In this case the 
intermediate morphotypes between separate form-species 
could also be the result of hybridization between biological 
speeies. However, as is the case among living chromo
phytes, changes in the local environment, such as salinity, 
nutrient availability and water temperature may have possi
bly resulted in one single taxon producing morphologi
cally different encysted or motile cells (Dale 1 988) . 

Skiagia ciliosa (Volkova, 1969) Downie, 
1982 
P l .  7A-F 

Synonymy. - 0 1 969 Baltisphaeridium ciliosum Volkova sp. 
nov. - Volkova, 1 969b, pp. 224-225,  Pls. 50 : 1-3;  5 1 : 1 1 , 1 2 .  
0 1971 Baltisphaeridium tuberculatum Fridrichsone , sp .n .  -
Fridrichsone, pp. 1 0-1 1 ,  Pl .  3 : 1-6.  0 1 979 Baltisphaeridium 

ciliosum Volkova, 1969 - Volkova et al. ,  p. 8, Pl. 2 : 1-5.  0 1 979 
Baltisphaeridium compressum Volkova, 1968 - Vidal, 1 979b, 
p .  17, Pl. lb, d, f. 0 1979 Baltisphaeridium orbiculare Volkova, 
1 968 - Vidal, 1 979b, pp. 1 7-18 ,  Pl . le ,  e. 0 1982 Skiagia 

ciliosa (Volkova, 1 969) comb. nov. - Downie, p. 263, Figs. 5 ,  
7p-q. 0 1 982 Baltisphaeridium cerinum Volkova 1968 -

Downie, Fig. 6e, f, g. 0 1 982 Skiagia orbiculare (Volkova) -
Downie, Fig. 8g. 0 1986 Skiagia ciliosa (Volkova) Downie ,  

1 982 - Moczydlowska & Vidal, Fig. 1 3A-F. 0 1 987 Skiagia 

ciliosa (Volkova) Downie, 1982 - Knoll & Swett, p. 92 1 ,  Figs. 
9 .3 , 9 .6--9 .8 , 9 . 1 4, 9 . 1 5, 1 0 .2 , 1 0 .4, 10 .7 . 0 1 987 Baltisphaerid

ium cerinum Volkova, 1 968 - Knoll & Swett, p. 9 15 ,  Figs . 7 .2 ,  
7 .3 .  0 1 987 Skiagia compressa (Volkova) Downie ,  1982 -
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Fig. 35. Bivariate plot o f  size distribution o f  Skiagia ei/iosa (Volkova) 
Downie in the Lower Cam brian of the Lublin Slope. 

Knoll & Swett, Fig. 9 . 10 . 0 1 987 Skiagia orbiculare (Volkova) 
Downie, 1 982 - Knoll & Swett, Fig. 10 .6. 

Material. - 720 well and fairly well-preserved specimens and 
additional abundant specimens in poor state of preserva
tion . 

Description. - The vesicle is circular to oval in outline and 
consists of a central body possessing numerous cylindrical 

processes of medium length. The processes are hollow, but 
separated from the central body cavity by a plug. The bases 
of the processes are conical, the en ds being funnel-shaped. 

Dimensions. - N=50. Diameter of central body 20-50 ]lm, 
x=34.68±1 .00 ]lm, 0=7 . 1 3  ]lm; length of processes 3-1 0  ]lm , 

x=6.04±0.24 pm, 0=1 . 74 ]lm (Fig. 35) . 

Remarks. - Two morphotypes are observed among speci
mens attributed to Skiagia ciliosa (Volkova) Downie. S. cili

osa type A (Pl .  7A-C) has poorly developed process bases 

and thin slender processes which are separated from the 
central body by thin plugs. S. ciliosa type B (Pl .  7D-F) 
possesses wide conical process bases having thick plugs. 

DRILL HOLE TEREB /N  tOP/ EN N / K  
OFF-SHORE lONE 

Vo/k o vla [OEPTH m l  [NUM8ER ] 4742.1  } - 13 34 
- L iepalna 4766. 7 

Z o n e  4775 . 9  - - 2 

4799. 0 } - - 21 
He llospha e - 4805.6 

rldlum 48 1 0.0 } _ 

- Sk iafI'a 19 18 
4827. 2 

Z o n e  4832.0 - - 5 

3515.5 41 2 4836.0 1 1 15 

Skiagia TYPE A B A A- B B cil iosa 
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The processes of specimens of morphotype B are wider and 
longer and possess larger funnel-shaped terminations. 
Specimens of both morphotypes co-occur in discrete sam
pl es and their relative frequency is unrelated to strati
graphic occurrence . This circumstance is shown on fre
quency counts ofboth morphotypes produced for different 
samples from discrete sequences (Fig. 36) . The species 
appears in the Heliosphaeridium-Skiagia Zone, and the rela
tionship between the frequency of morphotype A and mor

photype B is variable . The sequences sampled at the dril

ling sites Parczew IG-I O,  Radzyn IG-l and Kaplonosy IG-l 
represent a more proximal location in the basin as com
pared to the sequences penetrated by the drillholes Tere
bin IG-5 and Lopiennik lG-l . Morphotypes A and B have 
random distribution at different stratigraphic levels in all 
investigated drillcores, and this indicates that their occur
rence is related neither to stratigraphic nor to depositional 
features. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Terebin lG-5, Lopiennik IG-l , Radzyn lG-l and Kaplonosy 
lG-l , Kaplonosy and Radzyn forrnations: Lower Cambrian , 
Heliosphaeridium-Skiagia Zone; drillcores Lopiennik lG-l , 
Parczew lG-l O and Radzyn lG-l , Kaplonosy and Radzyn 

formations: Lower Cambrian, Volkovia-Liepaina Zone . 

Occurrence and stratigraphie range. - Pol and , Lublin Slope, 
drillcore Radzyn lG-l : Lower Cambrian, Holmia and Pro

tolenus zones (s . I . ) , Middle Cambrian, Eccaparadoxides oelan

dicus and Paradoxides paradoxissimus Zones; Podlasie De
pression, drillcores Bial'a Podiaska l ,  Podborowisko l and 
Okuniew lG-l : Lower Cambrian, Holmia zone (s . l . )  and 
drilIcore Okuniew lG-l : Lower Cambrian, Protolenus zone 
(s . l . )  (Volkova 1 969a, b; Volkova et al . 1 979; Moczydl'owska 

1981 ) .  USSR, the EEP: Lower Cambrian, Vergale and Raus
ve horizons, Middle Cam brian, Kibartai horizon (Volkova 

et al. 1 979) ; Kazakhstan, Maly Karatau, Shabakty Forma-

PA R C Z E W  RADZYN K A P LO N O S Y  
NEA R - SHORE ZONE 

[OEPTH m ] [ NUM8ER ] 
1689. 5 - 8 - 1 128.0 - 7 
1 6 9 4 . 5  7 10  11  1 1 40.0 11 3 

11 88.0 11 85 982 .0 - - 2 

1 1 95 . 5 3 51 1079 .0  50 - -
1 1 2 4 . 0  265 2 54 

A A - B  B A B A A - B  B 

Fig. 36. Distribution and frequency of specimens of Skiagia ei/iosa (Volkova) Downie in the Lower Cam brian sequence in the Lublin Slope. 



FOSSILS AND STRA TA 29 ( 1 991 ) 

tion : Lower Cambrian (Ogurtsova 1 985) . Sweden, Scania, 

Gisl6v Formation: Lower Cambrian, Holmia C zone; Kal

marsund region, ' Mobergella Sandstone ' :  Lower Cambrian, 

Holmia B zone; Vasterg6tland, File Haidar Formation, Mick

witzia Sandstone Member and Lingulid Sandstone Mem
ber: Lower Cambrian, Holmia B-C and Holmia C zone, 

respectively (Vidal 1981 b, c ;  Moczydl'owska & Vidal 1986) . 
Denmark, Bornholm, 'Green Shales ' :  Lower Cambrian, 
Holmia B zone (VidaI 1981b ;  Moczydlowska & VidaI 1 986) . 
Norway, Lake Mjøsa region, 1 a� and 1ba-lb� beds: Lower 
Cambrian, Holmia C zone (Vidal 1981b;  Moczydl'owska & 
Vidal 1 986) . England, Purley Shales: Lower Cambrian; 
Wales, Hells Mouth Grit: Lower Cam brian and Lower 

Cared Mudstones: Middle Cam brian (Downie 1982) . Sval
bard, East Spitsbergen, South Tokammane, Topiggane and 
Andromedafjellet, Tokammane Formation: Lower Cam
brian (Knoll & Swett 1 987) . East Greenland, Elia ø, Bas

tion Formation (Downie 1982) and Elia Island Formation 
(VidaI 1979b; Moczydl'owska & VidaI 1986) . North Green
land, Buen Formation : Lower Cambrian (Moczydl'owska & 
Vida1 1 986; Vidal & PeeI 1 988) . 

Skiagia compressa (Volkova, 1968) Downie , 
1982 
Pl. 5A 

Synonymy. - O 1968 Baltisphaeridium compressum Volkova, sp. 
nov. - Volkova, p .  19, Pl . 2:6-9, 1 2 . 0 1979 Baltisphaeridium 

compressum Volkova, 1 968 - Volkova et al. ,  p. 9, Pl. 2 :6-1 0. 
0 1982 Skiagia compressa (Volkova 1968) comb. nov. -
Downie, p. 263, Fig. 7r-u. 0 1982 Skiagia ornata (Volkova) 
Downie, Fig. 8h, i. 0 1986 Skiagia compressa (Volkova) 
Downie, 1 982 - Moczydl'owska & Vidal, Fig. 9C-F. 0 1 987 
Skiagia compressa (Volkova) Downie, 1982 - Knoll & Swett, 
p. 921 ,  Figs. 9.4, 9 .5 ;  non 9 . 10 .  

Material. - 75  well and fairly well preserved specimens. 

Description. - The vesicle is  oval in outline and consists of a 

central body bearing numerous processes. The processes 

have wide conical bases (a  feature reflected into a wavy 

outline of the central body) and funnel-like widened ends. 

The inner cavity of the processes is separated from the 
cavity of the central body by a thin wall .  

Dimensions. - N=40. Diameter of central body 25-35 }lm, 
x=30.30±O.47 }lm, 0"=2.98 }lm; length of processes 5-10  }lm, 
x=7.45±0.23 }lm , 0"=1 .48 }lm (Fig. 37) . 

Remarks. - Skiagia compressa (Volkova) Downie differs from 
other species of Skiagia by the wavy outline on the central 

body. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 

Radzyn IG-l , Kaplonosy and Radzyn forrnations: Lower 
Cambrian, Skiagia--Fimbriaglomerella Zone; drillcores Lo

piennik IG-l , Radzyn IG-1 and Kaplonosy IG- l ,  Kaplonosy 

and Radzyn forrnations: Lower Cambrian, Heliosphaerid

ium-Skiagia Zone . 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 

drillcore Radzyn IG- l :  Lower Cambrian, Holmia and Pro-
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Fig. 37. Bivariate plot of size distribution of Skiagia compressa (Vol
kova) Downie in the Lower Cambrian of the Lublin Slope . 

tolenus zones ( s . l . )  and Middle Cambrian , Eccaparadoxides 

oelandicus and Paradoxides paradoxissimus Zones; Podlasie 
Depression, drillcores Bial'a Podiaska l ,  Okuniew IG-l and 
Podborowisko l :  Lower Cambrian, Holmia zone (s . \ . )  (Vol
kova 1969a, b; Volkova et al. 1979; Moczydl'owska 1981 ) .  
USSR, the EEP: Lower Cambrian, Talsy, Vergale and Raus
ve horizons (Volkova et al. 1 979) . Sweden, Vasterg6tland,  
File Haidar Formation, Mickwitzia Sandstone Member and 
Lingulid Sandstone Member: Lower Cambrian, Holmia B
C and Holmia C zones, respectively (Vidal 1981  b, c; Moczy
dlowska & VidaI 1 986) . Norway, Lake Mjøsa region , 1 aaj
l a� beds: Lower Cambrian, Holmia B zone, and l a� and 
lba-l b� beds: Lower Cambrian, Holmia C zone (Vidal 
1981b ,  c ;  Moczydl'owska & Vidal 1986) . Scotland, Fucoid 
Beds: Lower Cam brian (Downie 1 982) . Belgium, Massif de 
Rocroi and Massif de Stavelot, Devillien: Lower Cambrian 
(Vanguestaine 1978) . Svalbard, East Spitsbergen, South 
Tokammane, Topiggane and Andromedafjellet, Tokamm

ane Formation: Lower Cambrian (Knoll & Swett 1987) . 
East Greenland, Ella ø, Bastion Formation (Downie 1 982)  
and Ella Island Formation : Lower Cambrian (VidaI 1 979b; 
Moczydlowska & VidaI 1 986) ; North Greenland, Buen For
mation : Lower Cam brian (Moczydl'owska & Vidal 1986; 
Vidal & Peel 1 988) . 

Skiagia cf. insigne (Fridrichsone, 1971 ) 
Downie, 1982 
Pl. 7I 

Synonymy.- 0 1 971 Hystrichosphaeridium ( ? )  insigne Fridrich
sone, sp. nov. - Fridrichsone, pp. 1 4-16 ,  Pl .  2 : 1 0-22 .  
0 1974 Baltisphaeridium insigne (Fridrichsone) comb. nov. -
Volkova, p. 1 95,  Pl. 27:5-7. 0 1 978 Hystrichosphaeridium in

signe - Tynni, Pl. 7 : 69 .  0 1 979 Baltisphaeridium insigne (Frid
richsone , 1 97 1 )  Volkova, 1 974 - Volkova et al. , p. 10 ,  Pl .  

4: 1-5 . 0 1982 Skiagia insigne (Fridrichsone, 197 1 )  comb. 

nov. - Downie, pp. 263-264. 

Material. - Three fairly well-preserved specimens. 

Description. - The vesicle is oval in outline and consists of a 

central body covered by n umerous thick, robust, cylindrical 
processes. The process bases are wide, shaped as truncated 

cones, and are separated by a septurn from the process 
inner cavity and by a plug from the cavity of the central 
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body. The terminations of the processes are shaped as 
wide, flat funneis, closed distally and divided on severai 
parts . 

Dimensions. - N=3. Diameter of central body 33-38 ].Im; 
length of processes 4-5 ].Im. 

Remarks. - Specimens described here differ from Skiagia 

insigne (Fridrichsone) Downie by having numerous pro
cesses with less well-developed basal parts. They differ from 
Skiagia ciliosa (Volkova) Downie by having processes with 
divided ends. The specimens attributed to Skiagia cf. insigne 

(Fridrichsone, 1 97 1 )  Downie, 1 982, presented by Downie 
( 1 982, Figs. 5 and 8a, b, c) have neither the divided term i
nations of the processes, nor the conical process base with 
a septum characteristic for S. insigne. Therefore they are 
not included in the synonymy list above . 

Present record. - Poland, Lublin Slope of the EEP, drillcore 

Lopiennik IG-l , Kaplonosy and Radzyn formations: Lower 
Cambrian, Volkovia-Liepaina Zone. 

Occurrence and stratigraphie range. - Poland,  Podlasie De
pression, drillcore Biala Podiaska 1 :  Lower Cambrian, Hol

mia zone (s . l . )  (Volkova et al. 1 979) . USSR, the EEP: Lower 
Cambrian , Vergale and Rausve horizons and Middle Cam
brian, Kibartai horizon (Volkova et al. 1 979) . Finland, re
gion Soderfjarden: Lower Cambrian (Tynni 1 978) . 

Skiagia orbiculare (Volkova, 1968) Downie , 
1982 
Pl .  5B-D 

Synonymy. - 0 1 968 Baltisphaeridium orbiculare Volkova sp. 
nov. - Volkova, p .  19, PIs. 2 : 1-5; 1 1 :3 . 0 1979 Baltisphaerid

ium orbiculare Volkova, 1968 - Volkova et al. , p .  10 ,  Pl. 1 : 1-3. 
0 1982 Skiagia orbiculare (Volkova 1968) comb. nov. -

Downie, p. 264, non Fig. 8d-g. 0 1 987 Skiagia orbiculare 

(Volkova) Downie, 1 982 - Knoll & Swett, p. 92 1 ,  Fig. 1 0.8 ,  

non 1 0 .6. 

Material. - 18 well-preserved specimens. 

Description. - The vesicle is circular to oval in outline and 
consists of a central body covered by numerous processes 
of medium length . The processes are slender and delicate , 
having an inner cavity that is separated from the central 
body. The widened proximal part of the processes tapers 

towards the distal portion. The en ds of the processes are 

funnel-like . 

Dimensions. - N= 18 .  Diameter of central body 20-45 ].Im, 
x=32.27±1 .5 1  ].Im, cr=6 .40 ].Im; length of processes 5-1 0  ].Im, 

x=7.39±0.45 ].Im, cr=1 .91 ].Im (Fig. 38) . 

Remarks. - The species differs from Skiagia ornata (Volkova) 

Downie by having shorter and thinner processes with con
ical bases and smaller funnel-shaped ends. Additionally, it 
differs from S. ciliosa (Volkova) Downie by the gradual 

widening of the processes from the base towards the distal 

part. The specimens illustrated by Downie ( 1 982, Fig. 8e, f) 
under the name S. orbiculare (Volkova) Downie possess 
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Fig. 38. Bivariate plot of size distribution of Skiagia ariJiculare 
(Volkova) Downie in the Lower Cambrian of the Lublin Slope. 

more robust processes with wide funnel ends, a feature 
characteristic for S. pura Moczydl'owska. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Radzyii IG-l and KaplonosyIG-l , Kaplonosy and Radzyii 
formations: Lower Cambrian, Skiagia-Fimbriaglomerella 

Zone and Heliosphaeridium--Skiagia Zone. 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian, Talsy, Vergale and Rausve horizons (Volkova et 

al. 1 979) ; Kazakhstan, Maly Karatau, Shabakty Formation: 
Lower Cambrian (Ogurtsova 1 985) . Sweden , Scania, Nor

re torp Formation : Lower Cambrian, Holmia B zone; Vaster
gotland, File Haidar Formation, Mickwitzia Sandstone 
Member and Lingulid Sandstone Member: Lower Cam
brian, Holmia B-C and C zone, respectively (Vidal 1 98 1  b, c; 
Moczydl'owska & Vidal 1 986) . Norway, Lake Mjøsa region, 
l a� bed: Lower Cambrian, Holmia C zone (Vidal 1981 b ,  c ;  
Moczydl'owska & Vidal 1 986) . Svalbard, East Spitsbergen, 
South Tokammane, Topiggane and Andromedafjellet, To
kammane Formation: Lower Cambrian (Knoll & Swett 
1 987) . East Greenland, Elia ø, Bastion Formation and Elia 

Island Formation and North Greenland, Buen Formation: 

Lower Cambrian (Moczydl'owska & Vidal 1 986; Vidal & 
PeeI 1 988) . 

Skiagia ornata (Volkova, 1 968) Downie, 
1 982 
Pl .  5E-F, 6A-D 

Synonymy.- 0 1 968 Baltisphaeridium ornatum Volkova, sp. 
nov. - Volkova, pp. 18-19 ,  Pls. 1 : 1 0-14; 1 1 : 1 .  0 1 979 Balti

sphaeridium ornatum Volkova, 1 968 - Volkova et al. ,  p. I l ,  Pl .  

4:9-1 1 .  0 1982 Skiagia ornata (Volkova 1 968) comb. nov. 
Downie, p. 264, non Fig. 8h-i. 0 1 986 Skiagia ornata (Vol

kova) Downie, 1 982 - Moczydl'owska & Vidal, Fig. l l C-D. 

0 1 987 Skiagia ornata (Volkova) Downie, 1 982 - Knoll & 
Swett, p. 922, Figs. 1 0 . 1 ,  1 0 .3 ,  1 0 .5 .  

Material. - 230 wel l  and fairly wel l-preserved specimens. 

Description. - The vesicle is circular to oval in outline and 
possesses a central body covered by numerous, long and 

cylindrical processes. The processes are slightly wider in 

the proximal part. The ends of the processes are funneI

like . The processes have an inner cavity separated from the 
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central body by the vesicle wall .  Despite the large number 
of processes and their close proximity the distal ends are 

separateq. 

Dimensions. - N=50. Diameter of central body 20-40 pm, 
x=3 1 .86±O .70 pm, cr=5 .00 pm; length of processes 7-15  pm, 

x=1O .74±O .31  pm, cr=2.22 pm (Fig. 39) . 

Remarks. - The species differs from Skiagia orbiculare (Vol
kova) DC)wnie by having longer processes and more devel
oped funnel-like process tips. It differs from S. scottica 

Downie by the isolated distal ends of the processes. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Radzyn IG-l , Kaplonosy and Radzyn forrnations: Lower 

Cambrian, .  Skiagia-Fimbriaglomerella Zone; drillcores Tere
bin IG-5 , Lopiennik IG-l , Radzyn IG-l and Kaplonosy IG-l , 
Kaplonosy and Radzyn forrnations: Lower Cambrian, Helio

sphaeridium-Skiagia Zone. 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 
Cambrian, Talsy, Vergale and Rausve horizons (Volkova et 

al. 1979) ; Kazakhstan, Maly Karatau, Shabakty Formation: 

Lower Cambrian (Ogurtsova 1985) . Sweden, Scania, Nor
re torp Formation: Lower Cambrian, Holmia B zone; Vaster
gotland, File Haidar Formation, Mickwitzia Sandstone 

Member: Lower Cambrian, Holmia B-C zone (VidaI 1981b ,  

c ;  Moczydlowska & Vidal 1 986) . Denmark, Bornholm, 
' Green Shales ' :  Lower Cambrian, Holmia B zone (Moczy
dlowska & VidaI 1 986) . Norway, Lake Mjøsa region, l aaj
l a� beds and l a� bed: Lower Cambrian, Holmia B and C 
zone, respectively (Moczydlowska & Vidal 1 986) . Svalbard, 
East Spitsbergen, South Tokammane, Topiggane and An
dromedafjellet, Tokammane Formation: Lower Cambrian 
(Knoll & Swett 1 987) . East Greenland, Elia ø, Bastion 
Formation and North Greenland, Buen Formation : Lower 
Cambrian (Moczydlowska & Vidal 1 986; Vidal & Peel 

1 988) . 

Skiagia pura Moczydlowska, 1988 
PI. 7G--H 

Synonymy. - 0 1 988 Skiagia pura n.sp. - Moczydlowska, 

1 988a, pp. 8-9, Pl. 2 : 1 , 2; Fig. 3 .  

Material. - Four fairly well-preserved specimens. 
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Description. - The vesicle is oval in outline and possesses a 

central body bearing numerous even ly distributed pro

cesses that do not display basal attachments with the central 
body. The processes have distal funnel-shaped parts that 

are generally in contact. 

Dimensions. - N=4. Diameter of central body 2 6-45 pm; 
length of processes 5-1 0 pm. 

Remarks. - The species differs from Skiagia insigne (Fridrich

sone) Downie by the funnel-like tips of the processes and 
by lacking septa between the cavity of the central body and 
the processes, and by the lack of conical bases. It differs 
from S. scottica Downie by having thicker and shorter pro
cesses in relation to the vesicle diameter and less flattened 

distal process tips. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 
Parczew IG-I0 ,  Kaplonosy and Radzyn formations: Lower 
Cambrian, Skiagia-Fimbriaglomerella Zone. 

Skiagia scottiea Downie ,  1 982 
Pl . 6E-F 

Synonymy. - O 1982 Skiagia scoUica sp . nov. - Downie, p. 264, 

Figs. 8k-l, 9a-f. 0 1 982 Skiagia orbiculare (Volkova) -
Downie, Fig. 8f. 0 1 987 Skiagia scottiea Downie, 1982 - Knoll 
& Swett, p .  922,  Figs. 9.9, 9 . 1 2 . 

Material. - 1 5  well-preserved specimens. 

Description. - The vesicle i s  circular to oval in outline and 
consists of a central body covered by abundant processes.  
The processes are long, even ly wide , cylindrical , and they 
are only slightly widened in the proximal part. The distal 
ends of the processes are wide and flat, funnel-like , and 
of ten attached to each other. The inner cavity of the pro
cesses is separated from the cavity of the central body by the 
vesicle wall .  

Dimensions. - N=15. Diameter of central body 20-35 pm, 

x=30.60±1 .01  pm, cr=3 .92 pm; length of processes 5-1 2  pm, 

x=9.60±0.59 pm, cr=2 .29 pm (Fig. 40) . 

Remarks. - Skiagia scottiea Downie differs from other species 
of the genus by the tightly arranged processes that are often 
joined at the distal parts. 
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Present record. - Poland, Lublin Slope of the EEP, drillcores 

Parczew IG-10 and Radzyn IG-1 , Kaplonosy and Radzyn 
formations: Lower Cambrian, Skiagia-Fimlniaglomerella 

Zone; drillcores Radzyn IG-1 and Kaplonosy IG-1 , Kaplono
sy and Radzyn formations: Lower Cambrian, Heliosphaerid

ium-Skiagia Zone; drillcore Lopiennik IG-1 , Kaplonosy and 
Radzyn formations: Lower Cambrian, Volkovia-Liepaina 

Zone . 

Occurrence and stratigraphie range. - Sweden, Vastergotland,  
File Haidar Formation, Mickwitzia Sandstone Member: 
Lower Cambrian, Holmia B-C zone (Moczydl'owska & Vidal 
1986) . Norway, Lake Mjøsa region, 1 a� and 1ba-1b� beds: 
Lower Cam brian, Holmia C zone (Moczydl'owska & Vidal 
1986) and Tømten quarry: Lower Cambrian, Holmia Shales 

(Downie 1 982) . Scotland, Fucoid Beds: Lower Cam brian 
(Downie 1 982) . Svalbard, East Spitsbergen,  South Tokam
mane, Topiggane and Andromedafjellet, Tokammane For
mation: Lower Cam brian ( Knoll & Swett 1 987) . East Green
land, Elia ø, Bastion Formation (Downie 1982) and Elia 
Island Formation and North Greenland, Buen Formation: 
Lower Cambrian (Moczydl'owska & Vidal 1 986; Vidal & 
PeeI 1 988) . 

Genus Tasmanites Newton, 1 875 

Type speeies. - Tasmanites punctatus Newton, 1875, p .  341 . 

Tasmanites bobrowskae WaZyiiska, 1967 
Pl. l OF-G, l l C-E 

Synonymy. - 0 1967 Tasmanites bobrowskii sp . nov. - Wa:i:yn

ska, p. 14, PIs. 3 :23-27; 4:28. 0 1 968 Tasmanites variabilis 
Volkova sp . nov. - Volkova, p. 29, PIs. 5:9-1 2 ;  1 1 :9 . 0 1 978 

Tasmanites bobrowskae Wa:i:yilska, 1 967 - Vanguestaine, p. 
272. 0 1 978 Tasmanites bobrowskii - Tynni, Pl. 4:29, 30. 

0 1 979 Tasmanites variabilis Volkova, 1 968 - Vidal, 1979b, p. 
23, Pl .  2c-d. 0 1979 Tasmanites bobrowskii Wazynska, 1967 -

Volkova et al. , p. 33, Pl. 23:3-5 . 0 1 980 Tasmanites bobrowskae 
Wa:i:yilska, 1 967 - Moczydl'owska, p. 475, Pl. 4: 1 .  0 1 982 
Tasmanites bobrowskii Wazynska 1967 - Downie, p. 280, Fig. 
9k. 0 1 986 Tasmanites bobrowskae Wazynska - Moczydl'owska 
& Vidal , Figs. 8N, 1 2A. 0 1 987 Tasmanites bobrowskii Wa:i:yn

ska, 1967 - Knoll & Swett, p. 91 3, Figs. 5 . 1 1-5. 1 6. 

Material. - 4 1 7  well-preserved specimens . 

Description. - Vesicles circular to oval in outline. The vesicle 

wall is thick and perforated by irregularly distributed large 

pores. 

Dimensions. - N=50. Diameter of vesicle 50-90 Jlm (but real 

dimensions were larger because the specimens are folded) , 

x=80.22±1 .03 Jlm, a=7 .29 Jlm; distance between pores 2-
3 Jlm (Fig. 41 ) .  

Remarks. - According to the International Code of Botanical 

Nomenclature ( 1 983) , the specific epithets of plant fossils 
formed from the feminine gender ought to have the suffix 

-ae. This applies to T bobrowskae (Vanguestaine 1 978; Mo

czydl'owska 1980) . T. bobrowskae Wa:i:ynska differs from T 
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Fig. 41. Bivariate plot of size distribution of Tasmanites bobrowskae 
WaZyriska in the Lower Cambrian of the Lublin Slope . 

tenellus Volkova by having larger pores and thicker vesicle 
wall .  

Present record. - Poland, Lublin Slope of the EEP, drilIcores 
Parczew IG-10  and Kaplonosy IG-1 , Mazowsze Formation: 

Lower Cambrian, Asteridium-Comasphaeridium Zone; drilI
cores Parczew IG-10, Radzyn IG-1 and Kaplonosy IG- 1 ,  
Kaplonosy and Radzyn formations: Lower Cam brian, Skia

gia-Fimlniaglomerella Zone; drilIcore Kaplonosy IG- 1 ,  Kaplo
nosy and Radzyn formations: Lower Cambrian , Heliosphae

ridium-Skiagia Zone. 

Occurrence and stratigraphie range. - Poland, Podlasie De
pression, drillcores Iwanki-Rohozy 3 and Podborowisko l :  
Lower Cambrian (Wa:i:ynska 1 967) , drillcores Bial'a Pod
laska l and Okuniew IG-1 : Lower Cambrian, Holmia zone 
(s . I . ) ;  Lublin Slope , drilIcore Radzyn IG-l : Lower Cam
brian, Holmia and Protolenus zones ( s . l . )  (Volkova et al. 

1 979; Moczydl'owska 1981 ) .  USSR, the EEP: Lower Cam
brian, Lontova, Talsy, Vergale and Rausve horizons (Vol
kova et al. 1 979) . Finland, region Soderfjarden : Lower 

Cam brian (Tynni 1978) . Sweden, Vastergotland, File Hai

dar Formation, Mickwitzia Sandstone Member: Lower Cam

brian, Holmia B-C zone; Kalmarsund region, '  Mobergella 

Sandstone ' :  Lower Cambrian, Holmia B zone (VidaI 1 981b ,  
c ;  Moczydl'owska & Vidal 1986) . Denmark, Bornholm, 
' Green Shales ' :  Lower Cambrian, Holmia B zone (Vidal 
1981c ;  Moczydl'owska & Vidal 1 986) . Norway, Lake Mjøsa 
region, 1ba-1 b� beds: Lower Cambrian, Holmia C zone 
(Moczydl'owska & Vidal 1 986) . Scotland, Fucoid Beds: 
Lower Cam brian (Downie 1 982) . Belgium, Massif de Roc
roi and Massif de Stave lot, Devillien: Lower Cam brian and 
Revinien: Middle and Upper Cam brian (Vanguestaine 
1 978) . Canada, Alberta, Mt Eisenhower, Gog Formation : 

Lower Cambrian (Downie 1 982) . Svalbard, East Spits

bergen,  South Tokammane, Topiggane and Andromeda

fjellet, Tokammane Formation : Lower Cambrian (Knoll & 
Swett 1 987) . East Greenland, Elia ø, Bastion Formation 

and Elia Island Formation and North Greenland, Buen 
Formation : Lower Cambrian (VidaI 1979b; Moczydl'owska 
& Vidal 1 986; Vidal & Peel 1 988) . 
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Tasmanites tenellus Volkova, 1 968 
Pl. l lA-B 

Synonymy. - 0 1968 Tasmanites tenellus Volkova sp. nov. -

Volkova, p. 29,  PIs. 6 : 1-5;  1 0 : 1 .  0 1979 Tasmanites tenellus 

Volkova, 1968 - Volkova et al. ,  p. 33, PIs. 23 : 1 ,  2; 24: 1 .  
0 1986 Tasmanites tenellus Volkova - Moczydlowska & Vidal, 

Fig. 1 2E-F. 0 1 987 Tasmanites tenellus Volkova, 1 968 - Knoll 
& Swett, p .  9 13 ,  Fig. 5 .8 .  

Material. - 77 well and fairly well preserved specimens. 

Description. - Vesicles circular to oval in outline. The vesicle 
wall is thin and perforated by small ,  irregularly distributed 
pores. 

Dimensions. - N=30. Diameter of vesicle 50- 1 20 Jlm (but 
real dimensions were larger since the vesicles are folded) , 
x=95±2.78 Jlm, 0"=1 5.25 JlID; distance between pores 2-3 

m m (Fig. 42) . 
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Fig. 42. Bivariate plot of size distribution of Tasmanites tenellus 
Volkova in the Lower Cam brian of the Lublin Slope. 

Remarks. - The speeies differs from Tasmanites bobrowskae 

WaZyilska by having thinner wall and small pores. 

Present record. - Poland, Lublin Slope of the EEP, drillcores 
Parczew lG-lO and Kaplonosy lG-1 , Mazowsze Formation: 
Lower Cam brian, Asteridium-Comasphaeridium Zone; drill
cores Parczew lG-l O and RadzyiJ lG-1 , Kaplonosy and Ra

dzyiJ forrnations: Lower Cam brian, Skiagia-Fimbriaglome

rella Zone. 

Occurrence and stratigraphie range. - Poland, Lublin Slope, 
drilleores RadzyiJ lG-1 and Kaplonosy lG-1 ; Podlasie De
pression, drillcores Biala Podiaska l, Mielnik lG-1 , Oku
niew lG-1 and Podborowisko l :  Lower Cambrian, Platysolen

ites Zone (Volkova 1 969a, b; Volkova et al. 1 979; 
Moczydlowska 198 1 ) .  USSR, the EEP: Lower Cambrian, 
Lontova and Talsy horizons; Siberian Platform, Olenek 

Uplift: Lower Cambrian, Tommotian Stage (Volkova et al. 

1979) . Sweden, Scania, Hardeberga Sandstone: Lower 

Cambrian, Holmia A zone; Kalmarsund region, ' Mobergella 

Sandstone ' :  Lower Cambrian, Holmia B zone; Vastergot

land, File Haidar Formation, Mickwitzia Sandstone Mem

ber: Lower Cambrian, Holmia B-C zone (Vidal 1981b ,  c ;  
Moczydl'owska & VidaI 1 986) . Denmark, Bornholm, 'Green 

Shales' : Lower Cambrian, Holmia B zone (Vidal 1981c ;  
Moczydlowska & VidaI 1 986) . Norway, Lake Mjøsa region, 
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1ba-1b� beds: Lower Cambrian, Holmia C zone (Moczy

dlowska & Vidal 1 986) . Svalbard, East Spitsbergen,  South 
Tokammane,  Topiggane and Andromedafjellet, Tokamm

ane Formation: Lower Cambrian (Knoll & Swett 1987) . 

East Greenland, Ella ø, Bastion Formation and North 
Greenland, Buen Formation: Lower Cambrian (Moczy
dl'owska & Vidal 1 986; Vidal & Peel 1 988) . 

Tasmanites volkovae Kirjanov, 1974 
Pl. l OE,  EI 

Synonymy. - O 1 969 Tasmanites sp. - Volkova, 1 969b, p. 236, 
Pl. 49: 1 0, I l .  0 1974 Tasmanites volkovae Kirjanov, sp. nov. 
Kirjanov, pp. 1 28-1 29,  Pl .  8 : 1 1-13 . 0 1979 Tasmanites vol

kovae Kirjanov, 1974 - Volkova et al. , p. 34, Pl . 25 : 1-3. 

0 1986 Tasmanites volkovae Kirjanov - Moczydl'owska & 
Vidal , Fig. 1 2C-D. 0 1 987 Tasmanites volkovae Kirjanov, 
1 974 - Knoll & Swett, p .  91 3,  Figs . 5 .9 ,  5 . 1 0 .  

Material. - One well-preserved speeimen. 

Description. - Vesicle circular to oval in outline with a thick 
wall perforated by abundant, even ly distributed pores. The 
pores are placed in funnel-like depressions of the wall ,  a 
feature that gives rise to wavy vesicle outline .  

Dimensions. - N=1.  Diameter of vesicle 100x150 Jlm. 

Present record. - Poland, Lublin Slope of the EEP, drillcore 

RadzyiJ lG-1 , Kaplonosy and RadzyiJ formations: Lower 
Cambrian, Volkovia-Liepaina Zone . 

Occurrence and stratigraphie range. - USSR, the EEP: Lower 

Cambrian, Talsy, Vergale and Rausve horizons and Middle 
Cambrian, Kibartai horizon (Volkova et al. 1 979) . Sweden,  
Vastergotland, File Haidar Formation, Mickwitzia Sand
stone Member and Lingulid Sandstone Member: Lower 
Cambrian, Holmia B-C and C zone, respectively (Vidal 
1981  b, c ;  Moczydl'owska & VidaI 1986) . Svalbard, East Spits
bergen,  South Tokammane, Topiggane and Andromeda
fjellet, Tokammane Formation : Lower Cambrian (Knoll & 
Swett 1 987) . North Greenland, Buen Formation: Lower 
Cambrian (Moczydl'owska & Vidal 1 986; Vidal & Peel 

1988) . 

Genus Volkovia Downie, 1 982 
Type species. - Volkovia dentifera (Volkova, 1 969) comb. nov. , 
Downie, 1 982, pp. 265, 278, Fig. 1 0o-p [=Deunffia dentifera 

Volkova, 1 969, p .  234, Pl. 50:29-3 1 ] . 

Volkovia dentifera (Volkova, 1969) Downie , 
1982 
P l .  9K, Kl 

Synonymy. - 0 1 969 Deunffia dentifera Volkova sp. nov. - Vol

kova, 1 969b, p. 234, Pl. 50:29-3 1 .  0 1 979 Deunffia dentifera 

Volkova, 1 969 - Volkova et al. ,  p.  23, Pl .  10 : 1-3. 0 1 982 

Volkovia dentifera (Volkova 1969) comb. nov. - Downie, pp .  

265, 278, Fig. 1 0o-p. 

Material. - One well-preserved speeimen. 
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Description. - Ellipsoidal vesicle possessing one single, long 
process that is slightly widened in the proximal part and 
sharp-pointed in the distal end. An circular opening (py

lome?) is located opposite to the only process. 

Dimensions. - N=! .  Diameter of vesicle 8x20 ]lm; length of 
process 26 ]lm. 

Remarks. - Specimens of Volkavia dentifera (Volkova) 
Downie are very rare . One single specimen was recovered 
in the Lopiennik lG-l drillcore among all investigated 
samples. Previously, the species was also recorded in the 
drilIcore Radzyn lG-l (Volkova 1969a, b; Volkova et al. 

1 979) , at the depth of 1 1 38.9-1 1 44.2 m (Volkova 1 969a, b) . 

Present record. - Poland, Lublin Slope of the EEP, drillcore 

Lopiennik lG-l , Kaplonosy and Radzyn forrnations: Lower 
Cambrian, Volkovia-Liepaina Zone . 

Occurrence and stratigraphie range. - Poland, Lublin Slope,  
drilIcore Radzyn lG-I , Kaplonosy and Radzyn forrnations: 
Lower Cambrian, Protolenus zone (s . l . )  (Volkova 1969a, b; 
Volkova et al. 1979) . USSR, the EEP: Lower Cambrian, 
Rausve horizon (Volkova et al. 1 979) . Scotland, Fucoid 
Beds: Lower Cam brian (Downie 1982) . 

Conclusions 
The present investigation has demonstrated the abundant 
occurrence of acritarchs and cyanobacterial microfossils in 
the Upper Vendian and Lower Cam brian sequence of five 
drilIcores in the Lublin Slope of the East European Plat
form in Poland. This study leads to the following conclu
sions: 

l. Organic-walled microfossils are generally well preserved. 
The thermal alteration of organic matter corresponds to 
the diagenesis, proto- and mesokatagenesis stages of litho

genesis. The thermal alteration affecting the rock units is 

reflected in certain differences in the state of preservation 

and colour of organic matter recovered from discrete for
mations. The recorded high er thermal alteration of or
ganic matter in the Upper Vendian deposits (Bial'opole, 
Lublin and Wl'odawa Forrnations) is probably the result of 
higher heat flow reaching the sedimentary cover during 
the late Vendian times as result of the inferred opening of 
an aborted rift. 

2. The taxonomic diversity and stratigraphic distribution of 

the continuous succession of microfossils allow to distin

guish six microfossil assemblages established on the basis 

of the earliest appearance of taxa. Assemblages 1-2 are late 

Vendian in age while 3-6 are early Cambrian . 

3. Variations in the specific composition of the assemblages 

seem independent of palaeoenvironmental conditions and 

facies changes and are here interpreted as evolutionarily 

controlled microbiotic changes through time.  

4. The acritarch assemblages Asteridium tornatum - Com

asphaeridium velvetum, Skiagia ornata - Fimbriaglomerella mem

branacea, Heliosphaeridium dissimilare - Skiagia ciliosa, and 
Volkovia dentifera - Liepaina plana determine the proposed 
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formal Assemblage-zones of the Lower Cam brian in the 
Lublin Slope . 

5. A conspicuous radiation of acritarchs at the top of the 
Wl'odawa Formation and within the Mazowsze Formation 
resulted in the appearance of a distinctively Cam brian 
assemblage of acritarch taxa that define the Asteridium 

tornatum - Comasphaeridium velvetumAssem blage-zone. This 
zone is here regarded to mark the base of the Cam brian 
System in the Lublin region . The distinctive radiation of 
phytoplankton is probably synchronous over the investi
gated area and is parallelled by a nearly contemporaneous 
emergence of shelly fossils and a new assemblage of trace 

fossils. 

6 .  The Kaplonosy lG-l drillcore is the proposed reference 
section for the Precambrian-Cambrian boundary in the 
Lublin Slope. The boundary is placed at the depth of 
1 342.5 m within the upper part of the Wl'odawa Formation .  

7 .  The continuous Precambrian-Cambrian sequence un
derlying the Lublin Slope is proposed as a supplementary 
reference section for defining the stratotype of the Pre
cambrian-Cambrian boundary. 

8. Rocks of the uppermost Mazowsze Formation, and the 
Kaplonosy and Radzyn forrnations, are attributed to the 
Skiagia ornata - Fimbriaglomerella membranacea, Heliosphaerid

ium dissimilare - Skiagia ciliosa, and Volkovia dentifera - Liepa

ina plana Assemblage-zones. 

9 .  The acritarch assemblages and the concurrent zones 
defined by the stratigraphic ranges of their taxa allow 
correlation of Lower Cambrian strata irrespective of litho
facies development and presence or absence of macro
fauna. 

10 .  According to analysis of the Lower Cambrian faunal 

record in relation to micropalaeontologic data from the 

Lublin area, the Lublin Formation and most of the Wl'o

dawa Formation are referred to the proposed Sabellidites
Vendotaenia Interval-zone and regarded as late Vendian in 
age . The base of the zone is marked by the first appearance 
of vendotaenids. The top of the zone is limited by the 
lowermost appearance of Platysolenites fauna, defining the 
succeeding zone . The Sabellidites-Vendotaenia Interval-zone 
is defined by Vendotaenia and Sabellidites in part of their 
ranges below the occurrence of Platysolenites. However, 
both taxa have ranges overlapping within the Platysolenites 

antiquissimus Interval-zone. 

I l .  Deposits of the upper part of the Wl'odawa Formation 

and the bulk of the Mazowsze Formation are attributed to 

the here revised Platysolenites antiquissimus Interval-zone.  Its 

lower boundary embrace the strata with the first occur

rence of Platysolenites antiquissimus. The upper boundary of 

the zone is limited by the appearance of Schmidtiellus mick

witzi, the index taxon of the succeeding zone . The total 
occurrence range of Platysolenites antiquissimus is wider then 
the Platysolenites antiquissimus Interval-zone, and it overlaps 

with the Schmidtiellus mickwitzi Range-zone and the lower 

part of the Holmia kjerulfi Assemblage-zone. The Pre cam br-
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ian-Cambrian boundary coincides with the base o f  the 

Platysolenites antiquissimus Interval-zone. 

12. The Mobergella Zone in Poland seems to be con tempo

raneous with the Schmidtiellus mickwitzi and/or Holmia kje

rulfi trilobite Zones. The stratigraphic range of the Moberg

ella fauna in Scandinavia overlaps with the range of 

Platysolenites antiquissimus and Holmia mobergi. Thus, the 
Mobergella Zone introduced in Poland is considered super
fluous and is here rejected. 

1 3 . As previously proposed, the Klimontovian Stage com
prised strata referred to pre-trilobite Cambrian strata in 

Poland, including the Sabellidites, Platysolenites and Moberg

ella Zones. The Sabellidites Zone is late Vendian in age , 
whereas strata attributed to the Mobergella Zone are con
temporaneous with the earliest trilobites zone. On these 
grounds the Klimontovian Stage is rejected. 

14. The sedimentologically continuous sequence referred 
to the uppermost Mazowsze Formation, and the Kaplonosy 
and Radzyil formations, is here regarded as time equivalent 
to strata elsewhere attributed to the Schmidtiellus mickwitzi 

Range-zone, the here recognized Holmia kjerulfi Assem
blage-zone, and the still informal Protolenus zone. 

15. The Precambrian-Cambrian boundary in the USSR 
part of the EEP is within the upper part of the Rovno 
Formation in Ukraine and the southern slope of the Fen
noscandian Shield. 

1 6. The previously proposed Precambrian-Cambrian 

boundary at the base of the Tommotian Stage in the Sibe

rian Platform is challenged by acritarch evidence sugge st
ing that part of the underlying Yudomian Stage including 
Nemakit-Daldyn horizon and the Moty Formation may 
belong to the Cambrian System.  Furthermore , deposits 
referred to the Tommotian Stage, previously defined as a 
pre-trilobite unit in the Siberian Platform, are partly time 
equivalent to the trilobite-bearing Talsy horizon in the EEP 
and the Schmidtiellus mickwitzi Zone in parts of the EEP and 
Baltoscandia. This indicates the coexistence in time of 

some 'Tommotian ' shelly metazoans with well-developed 

trilobite faunas. Thus, models dealing with the radiation of 

metazoans and the rise of ske1etonization that rely largely 
on evidence from the Tommotian of Siberia demand sub
stan tial revision. 

1 7 . The acritarch record derived from rocks of the Yu'an
shan Member of the Qiongzhusi Formation in Yunnan 
Province in the South China Platform suggests that the 
Eoredlichia- Wutingaspis trilobite Zone is time equivalent 
with the Holmia kjerulfi Assemblage-zone in Poland and the 

Holmia inusitata/ Holmia kjerulfi Zones in Baltoscandia. This 

implies that the zone with Eoredlichia-- Wutingaspis and Eored

lichia-Parabadiella is not the oldest tri lo bite zone, except 

locally. Consequently, the upper part of the Meishucunian 

Stage , previously regarded to precede the oldest trilobites 
may be time equivalent with the Schmidtiellus mickwitzi 

Zone. 

18. Acritarch-based correlation of the Lower Cambrian 
strata within the Baltoscandian Platform suggests that the 
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'Green Shales' in the island of Bornholm biostratigraphic

ally em brace the Skiagia--Fimbriaglomerella and Heliosphaerid

ium-Skiagia acritarch Zones in the Lublin Slope corre

sponding to the Schmidtiellus mickwitzi Zone and the Holmia 

inusitata/ Holmia kjerulfi Zones in Baltoscandia. 

19 .  Mobergella-bearing beds and the Mickwitzia Sandstone 

Member, both units of the lower part of the File Haidar 
Formation, are contemporaneous with the Heliosphaerid

ium-Skiagia acritarch Zone in the Lublin Slope that seems 
to correspond to the Holmia inusitata/ Holmia kjerulfi Zones 
in Baltoscandia. Hence, the lower biostratigraphic range of 

the File Haidar Formation cannot be older than the Holmia 

inusitata/ Holmia kjerulfi Zones. The Mobergella fauna has a 
stratigraphic range overlapping with the range of these 
zones. 

20. The Bråstad Sandstone and the Brennsæter Shale in the 

Lake Mjøsa area are attributed to the Heliosphaeridium

Skiagia acritarch Zone which corresponds to the Holmia 

inusitata/ Holmia kjerulfi Zones. If correct, this implies that 
Holmia mobergi Bergstrom, formerly recorded to co-occur 
with Schmidtiellus mickwitzi (Schmidt) , may have a strati
graphic range overlapping with the range of Holmia in

usitata Ahlberg & Bergstrom.  
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FOSSILS AND STRATA 29 ( 1991 ) 

T E R E B I N  I G - 5  

R A N G E  C H A R T  O F  G R A P H I C  . A B U N D A N C E S  B Y  L Q W E S T  A P P E A R A N C E  

i 

� 
<> . 

o 

K ø y  t o  S y m b o l s  

V e ry Rare ( , - 2 C o u n t s )  

R a r e  ( 3- 5 Counts) 

F e w  ( 6- 1 5  e c u n t s )  

= Commen ( 1 6- 25 Counts) 

= A b u n d a n t  ( 26-99999 Counts) 

= Not Present 

N M � � w � oo m O _ N M � � w � ro æ O _ N M  
T"" ..... ..... C\l C\I ('IJ (\I  

3 2 1 4.0 
32 94.0 

· 
· 
'" 
· ;; 

æ '" 

3 5 1 5 .5  I l  � 1 � 1 1 1 1 � I O I D � -7 5  
3632.5 
3633.5  � � 3635.5 
3637.5 

d 3639.5  I I I 3640.0 
3670.0 
3 6 7 1 .0 
3 6 7 1 . 5  
3 6 7 2 . 0  
3 6 7 2 . 5  2 3 6 7 3.0 
3 6 7 5 .0 
3 7 1 9 .0  
3 7 7 0.5  
3 7 7 6 .0 

Appendix 4. Range ehart of acritareh species in the Terebiit lG-5 
drillcore. 

Appendix 5. Range ehart of aeritareh speeies in the Lopiennik lG-I 
drilleore. 
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.t O P I E N N I K  I G - 1 

R A N G E  C H A R T  OF G R A P H I C  A B U N D A N C ES BY LOWEST APPEARANCE 

Køy t o  Symbola 

i " Very R a r e  C 1 - 2 eou"ts) 

= Rare C 3- s ecunt.> 

F • •  C o- lS e a u nt.) 

Comman ( 1 «1- 25 Cou nt.> 

Abundant ( 28-99999 eou nt.) 
Not Pr •• ent 
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Appendix 6. Stratigraphic section of the U pper Vendian and Lower 
Cambrian sequence in the Kaplonosy IG-1 drilIcore. Lithostrati
graphic subdivision and faunal zones according to Lendzion 
(l 972a, 1 983a, b) and Aren & Lendzion ( 1 978) . Occurrence of 
macrofossils after Lendzion ( 1 972a, 1983c) , Gnilovskaya ( l 979a) 
and Fuglewicz [unpublished data, personal communication, 1 987, 
concerning Westonia wimani (Walcott) and W bottnica (Wiman) ] .  
The Precambrian-Cambrian boundary (at the depth of 
1 342.5 m*) according to Moczydtowska ( 1 988a, 1989) . For addi
tional explanations see Appendix I l .  
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Appendix 7. Stratigraphic section of the Upper Vendian and Lower 
Cam brian sequence in the Parczew IG- lO  drillcore . Lithostrati
graphic subdivision, faunal zones and occurrence of macrofossils 
according to Aren & Lendzion ( 1978) . Occurrence of trace fossils 
after Paczesna ( 1986) . The Precambrian-Cambrian boundary (at 
the depth of 2 1 8 1 . 0  m*) and upper limit of the Platysotenites anti
quissimus Interval-zone (at the depth of 2065 . 0  m*) according to 
acritarch zonation. For explanations see Appendix I l .  
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Appendix 8. Stratigraphic section of the Upper Vendian and Lower 
Cambrian sequence in the Radzyn IG-I drilIcore. Lithostrati
graphic subdivision, faunal zonation and occurrence of macrofos
sils according to Lendzion ( 1 972a) and Aren & Lendzion ( 1 978) . 
Occurrence of trace fossils after Paczesna ( 1 986) . For explanations 
see Appendix I l .  

Acritarch biostratigraphy in southeastern Poland 95 

T E R E B I N  I G - S  

3209,5 +=7--'-'-....1 o . 3214,0 

<li E 
..... U) 

'z :o 
>- c: N Ol � o  <X c  
· et  

>- • Vl 
� .2 D E:  -' -CL o « ::t: >< 

3781,0 

E "-
ai 

3832,5 

G Oo • 3494.0 o 
. 3515.5 

o 

� 00 . 3770,5 
'l9 . 3776,0 

- 5  

2 

Q
- 32691l }®l 
- 3278,0 

1l _ 3430,0}@ v - 3439,0 

? 

- , -o 
!! � 
. . o o - . o .. 

.! � .. .  !! e � L&.: 

er: 
w 
;;: 
o 
--' 

z « 
Ci z w > 

er: w o.. o.. ::J 

Appendix 9. Stratigraphic section of the Upper Vendian and Lower 
Cambrian sequence in the Terebin IG-5 drilleore. Lithostrati
graphie subdivision, faunal zonation and occurrence of macrofos
sils according to Aren & Lendzion ( 1 977, unpublished documen
tation of the research drillhole Terebin IG-5, Archive of the 
Geological I nstitute, Warsaw) . Occurrence of trace fossils after 
Paczesna ( 1 986) . For explanations see Appendix I l .  
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Appendix 1 0, Stratigraphic section o f  the Upper Vendian and Lower 
Cambrian sequence in the Lopiennik IG-l drilIcore. Lithostrati
graphic subdivision and faunal zonation according to Aren & 
Lendzion ( 1 976, unpublished documentation of the research drill
hole Lopiennik IG-l , Archive of the Geological Institute, Warsaw) . 
Occurrence of macrofossils after Lendzion ( 1 977b, and personal 
communication 1 987) , Lendzion & Postii  ( 1 983) , and trace fossils 
after PaczeSna ( 1986) , For explanations see Appendix I l ,  
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Appendix 1 1. Explanations o f  graphie symbols used i n  Appendices 6-1 0.  
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Plate l 
A-C. Asteridium tomatum (Volkova) 
comb.nov. 

A. Terebin IG-5 drillcore, depth 3640.0 m,  Mazowsze For
mation, Lower Cam brian, ASleridium-Comasphaeridium 

Zone . Speeimen LO 6 1 1 0  t (G/ 41 / 1-3) . 

B. Parezew IG-1 0 drilleore , depth 2 1 70.0 m, Mazowsze For
mation, Lower Cambrian, ASleridium-Comasphaeridium 

Zone . Speeimen LO 61 1 1  t (P/30/2) . 

C. Parezew IG-I O drilleore , depth 2 1 60.0 m, Mazowsze For
mation, Lower Cambrian, ASleridium-Comasphaeridium 

Zone . Speeimen LO 6 1 1 2  t (0/30/ 1-2) . 

D-F. Asteridium lanatum (Volkova) 
comb.nov. 

D.  Parezew IG-l o dril lcore , depth 2 1 27.0 m, Mazowsze For
mation, Lower Cambrian, Asleridium- Comasphaeridium 

Zone . Speeimen LO 6 1 1 3  t (M/40/ 1 ) . 

E-F. Kaplonosy IG-1 drillcore, depth 1 124.0 m, Kaplonosy
Radzyii formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone . E. Speeimen LO 6 1 1 4  t (Z/39/2 ) .  F. Speci
men LO 6 1 1 5  t (W/43/3) . 

G-H. Asteridium spinosum (Volkova) 
comb.nov. 

G. Radzyn IG-l drilleore, depth 1 388.0 m, Kaplonosy-Ra
dzyn formations, Lower Cam brian, Skiagia-Fimbriaglome

relta Zone.  Speeimen LO 61 1 6  t (H/39/2) . 

H. Radzyn IG-l drillcore, depth 1 1 88.0 m, Kaplonosy-Ra
dzyl'\ formations, Lower Cambrian, Heliosphaeridium-Skia

gia Zone.  Speeimen LO 61 1 7  t ( G/45/3) . 

I-J.  Asteridium pallidum (Volkova) 
comb.nov. 

1 .  Radzyn IG-1 drillcore , depth 1278 .0  m, Kaplonosy-Ra
dzyn formations, Lower Cam brian, Skiagia-Fimbriaglome

relta Zone . Speeimen LO 61 1 8  t (0/31 /4) . 

J. Radzyn IG-1 drillcore, depth 1 1 88.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium-Skia

gia Zone.  Speeimen LO 61 19  t (R/39/4) . 

FOSSILS AND STRATA 29 ( 1 991 )  

K-L. Comasphaeridium agglutinatum 
Moczydtowska 

K. Kaplonosy IG-1 drillcore , depth 1 3 1 2.0  m, Mazowsze 
Formation, Lower Cambrian, ASleridium- Comasphaeridium 

Zone. Speeimen LO 6 1 20 T (U/31 / 1 ) . 

L. Kaplonosy IG-1 drillcore, depth 1 302 .0  m, Mazowsze 
Formation, Lower Cambrian, Asleridium- Comasphaeridium 

Zone. Spe eimen LO 6 1 2 1  t (P / 40/3) . 

M. Comasphaeridium formosum 
Moczydtowska 

Kaplonosy IG-1 drilleore , depth 1 3 1 2 .0 m, Mazowsze For
mation,  Lower Cambrian, ASleridium- Comasphaeridium 

Zone . Specimen LO 6 1 22 T (V /39) . 

N-O. Comasphaeridium strigosum 
(Jankauskas) Downie 

Kaplonosy IG-1 drillcore , depth 1 3 14.0 m, Mazowsze For

mation, Lower Cambrian, ASleridium- Comasphaeridium 

Zone . N. Speeimen LO 6123  t (N/39/ 1 ) . O. Speeimen LO 
6124 t (Q/43/ 1 ) .  

P-Ro Comasphaeridium velvetum 
Moczydtowska 

P. Kaplonosy IG-1 drillcore , depth 1 3 1 2 .0 m, Mazowsze 
Formation, Lower Cambrian, ASleridium- Comasphaeridium 

Zone. Speeimen LO 6125  T (S/46/2--4) . 

Q-R. Kaplonosy IG-1 drilleore, depth 1 3 1 4.0  m, Mazowsze 

Formation, Lower Cambrian, ASleridium- Comasphaeridium 

Zone . Q. Speeimen LO 6 1 26 t ( G/42) . R. Speeimen LO 

6127  t (P /33/2) . 

Seale bar at M equals 1 5  jlm for all mierographs. 

All mierographs transmitted light, oil immersion, interfer
enee contrast. England Finder eoordinates given in braek
ets following speeimen number referring to the eolleetions 
of Geology Department, Lund University. Abbreviation ' t '  
after the num ber refers to type specimens and 'T'  to holo

types. 
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1 00 Malgorzata Moczydlowska 

Plate 2 
A-D, F. Comasphaeridium molliculum 
Moczydlowska & Vidal 

A, c,  D. Radzyn lG-1 drilleore , depth 1 388.0 m, Kaplonosy
Radzyn formations, Lower Cambrian , Skiagia-Fimbriaglome

reUa Zone . A. Speeimen LO 61 28 t (U/43/4) . C. Speeimen 

LO 61 30 t ( X/36/2) . D. Specimen LO 6 1 3 1  t (G/45/ 1 ) . B. 
Radzyn lG-1 drilleore, depth 1 38l .0 m, Kaplonosy-Radzyn 
formations, Lower Cam brian , Skiagia-FimbriaglomereUa 

Zone . Speeimen LO 6 1 29 t (Q/43/4) . 

F. Parezew lG-1 0 drille ore, depth 1 982.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

reUa Zone. Speeimen LO 6 1 32 t (T/50) . 

E.  Comasphaeridium brachyspinosum 
(Kirjanov) Moczydlowska & Vidal 

Parezew lG-lO  dril lcore, depth 1 9 1 6.2  m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

reUa Zone. Speeimen LO 6 1 33 t (T/37) . 

FOSSlLS AND STRATA 29 ( 1 991 ) 

G-I. Lophosphaeridium tentativum Volkova 

G. Parezew lG- 1 0  drillcore , depth 2 1 79 .0 m, upper part of 

the Wtodawa Formation, Lower Cambrian, Asteridium

Comasphaeridium Zone. Speeimen LO 6 1 34 t (S/31 /4) . 

H. Terebin lG-5 drillcore , depth 3637.5 m, Mazowsze For
mation, Lower Cambrian , Asteridium-- Comasphaeridium 

Zone. Specimen LO 6 1 35 t (H/28/2) . 

I. Parezew lG- 1 0  drilleore , depth 1 924.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

reUa Zone. Speeimen LO 61 36 t ( K/47/3) . 

Seale bar at E equals 1 5  !lm for all mierographs. 
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Plate 3 
A. Lophosphaeridium dubium (Volkova) 
comb.nov. 

Radzyrl lG-l drille ore, depth 1 388.0 m, Kaplonosy-Radzyrl 
formations, Lower Cambrian, Skiagia-Fimlrriaglomerella 

Zone . Speeimen LO 6137  t (E/32) . 

B. Lophosphaeridium truncatum Volkova 

Radzyrl lG-l drilleore, depth 1 1 95 .5  m, Kaplonosy-Radzyrl 
formations, Lower Cambrian, Heliosphaeridium--Skiagia 

Zone . Spe eimen LO 6138 t (S/39) . 

C. Granomarginata prima Naumova 

Parezew lG-l o drillcore , depth 2088 .0  m, Mazowsze Forma
tion, Lower Cambrian, Asteridium--Comasphaeridium Zone . 
Speeimen LO 6 1 39 t (K/47/3) .  

D-F. Granomarginata squamacea Volkova 

D. E. Parezew lG-lO drillcore , depth 2 1 39 .0  m, Mazowsze 
Formation, Lower Cambrian, Asteridium-- Comasphaeridium 

Zone . D. Speeimen LO 6140 t (G/41 /4) . E. Spe eimen LO 
6141  t (K/36/ 4) . F. Radzyrl lG-l drilleore, depth 1 1 88.0 m,  

FOSSlLS AND STRATA 29 ( 1 99 1 )  

Kaplonosy-Radzyrl formations, Lower Cambrian, Helio

sphaeridium-Skiagia Zone .  Specimen LO 6142 t ( H/38/4) . 

G. Fimbriaglomerella membranacea (Kirjanov) 
Moczydlowska & Vidal 

Parezew lG-I0 drille ore, depth 1982 .0  m, Kaplonosy-Ra
dzyrl formations, Lower Cambrian, Skiagia-Fimlrriaglome

retta Zone.  Spe eimen LO 6143 t (V /34/2) . 

H .  Fimbriaglomerella minuta (Jankauskas) 
Moczydlowska & Vidal 

Parezew lG-I 0 drillcore, depth 2065 .0  m,  upper part of the 
Mazowsze Formation, Lower Cambrian, Skiagia-Fimlrria

glomerelta Zone. Speeimen LO 6144 t (Q/47/3-4) . 

L Alliumella baltiea Vanderflit 

Lopiennik lG-l drilleore, depth 4755.0 m,  Kaplonosy-Ra
dzyil formations, Lower Cam brian, Volkovia-Liepaina Zone.  
Speeimen LO 6145 t (L/45/3) . 

Seale bar at E equals 15  pm for A, B, G; 1 2  pm for C; 1 0  pm 
for l; and 20 pm for D, E, F, H .  
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Plate 4 
A-D. Pterospermella velata Moczydlowska 

A, C-Do Radzyn lG-l drilleore , depth 1 5 1 7.0 m, Mazowsze 
Formation, Lower Cambrian , Asteridium-- Comasphaeridium 

Zone . A. Specimen LO 6146 T (T/50) . C. Spe eimen LO 
6148 t (V/44/ l ) . D. Speeimen LO 6149 t (S/33/ 1 ) .  

B. Kaplonosy lG-l drilleore , depth 1 3 1 2 .0 m, Mazowsze 
Formation, Lower Cambrian, Asteridium--Comasphaeridium 

Zone . Speeimen LO 6147 t (Y/32 ) . 

E.  Pterospermella vitalis J ankauskas 

Parezew lG-10 drillcore , depth 2 1 39 .0  m, Mazowsze Forma
tion,  Lower Cambrian, Asteridium--Comasphaeridium Zone. 

Speeimen LO 6150 t (G/34/2) .  

FOSSlLS AND STRATA 29 ( 1991 ) 

F-G. Pterospermella solida (Volkova) Volkova 

Parezew lG-lO  drilleore, depth 1 689 .5  m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia--Liepaina Zone . 

F. Specimen LO 6 1 5 1  t (F/40/2-4) . G. Specimen 
L06152 t (K/49) . 

H-J. Globosphaeridium cerinum (Volkova) 
comb.nov. 

Radzyn lG-1 drillcore, depth 1 278.0 m, Kaplonosy-Radzyn 
formations, Lower Cambrian, Skiagia-Fimbriaglomerella 

Zone . H .  Specimen LO 6153  t ( I/32/ 1 ) .  I .  Speeimen LO 
6154 t (T /33/ 4) . j .  Speeimen LO 6155 t (Y/38) . 

Seale bar at D equals 20 JIm for A, E, F, G; 1 5  JIm for B, C,  
D ,  H ,  l , j.  
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Plate 5 
A. Skiagia compressa (Volkova) Downie 

Radzyrl IG-l drillcore, depth 1 278 .0  m, Kaplonosy-Radzyrl 
formations, Lower Cambrian, Skiagia-Fimlniaglomerella 

Zone . Spe eimen LO 6156 t (0/45/2) . 

B-D . Skiagia orbiculare (Volkova) Downie 

Kaplonosy IG-l drillcore , depth 1 079.0 m, Kaplonosy-Ra
dzyrl formations, Lower Cam brian, Heliosphaeridium

Skiagia Zone .  B. Speeimen LO 6157  t (Q/44/3) . C. Speci-

FOSSILS AND STRATA 29 ( 1991 )  

men LO 6158  t (W /36/4) . D .  Speeimen LO 6 1 59 t 
(L/33/ 1 ) .  

E-F. Skiagia ornata (Volkova) Downie 

Kaplonosy IG-l drillcore , depth 1 079.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. E. Specimen LO 6 1 60 t (T / 44) . F. Specimen 
LO 616 1  t (T/36/ 1 ) .  

Seale bar at A equals 1 5  pm for all mierographs. 
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1 08 Malgarzata Moczydlowska 

Plate 6 
A-D. Skiagia ornata (Volkova) Downie 

A. B. Radzyn lG-l drilleore , depth 1 278.0 m, Kaplonosy-Ra
dzyn formations, Lower Cam brian, Skiagia-Fimlmaglome

relta Zone . A. Specimen LO 6162 t (S/45/2-4) . B. Speci

men LO 6 1 63 t (F/47/3) . 

C. D. Kaplonosy lG-l drilleore , depth 1 079.0 m,  
Kaplonosy-Radzyn formations, Lower Cam brian, Helio

sphaeridium-Skiagia Zone. C. Speeimen LO 61 64 t (Il 46) . 
D. Speeimen LO 6 1 65 t (L/30/4) . 

FOSSlLS AND STRATA 29 ( 1991 ) 

E-F. Skiagia scottiea Downie 

E. Kaplonosy lG-l drilleore , depth 1 079.0 m,  Kaplonosy
Radzyn formations, Lower Cam brian , Heliosphaeridium

Skiagia Zone. Specimen LO 61 66 t (Z/44/3) . 

F. Radzyn lG-l drilleore , depth 1278.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimlmaglome

relta Zone.  Spe eimen LO 61 67 t (Q/41 /4) . 

Seale bar at E equals 15  }lm for all mierographs. 
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1 10 Ma/gorzata Moczyd/owska 

Plate 7 
A-F. Skiagia ciliosa (Volkova) Downie 

A. B. C. D. F.  Kaplonosy lG-l drillcore , depth 1 1 24.0 m, 
Kaplonosy-Radzyii formations, Lower Cam brian , Helio

sphaeridium-Skiagia lone . A. Specimen LO 6 1 68 t 
(T/37/4) . B. Speeimen LO 6 1 69 t (P/46/ 1 ) .  C. Specimen 
LO 6 1 70 t (Y/30/3) . D. Spe eimen LO 6 1 7 1  t (R/47) . F. 
Speeimen LO 6 1 73 t (U / 43) . 

E. Radzyn lG-l drillcore, depth 1 188.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium-Skia

gia lone . Speeimen LO 61 72 t (F /49/2) . 

FOSSlLS AND STRATA 29 ( 1991 ) 

G-H. Skiagia pura Moczydlowska 

Parezew lG-I0 drille ore, depth 1916 .2  m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

relta lone .  G. Speeimen LO 6 1 74 t ( l/ 42/3) . H .  Speeimen 
LO 6 1 75 T (Y/38/ 1 ) . 

I .  Skiagia cf. insigne (Fridrichsone) Downie 

Lopiennik lG-l drilieore, depth 4756.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia-Liepaina lone. 
Speeimen LO 6176  t (R/ 38 ) . 

Seale bar at C equals 1 2 }lm for A-F; 1 5 }lm for G-H; 28 }lm 

for L 
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1 12 Mal:gorzata Moczydl:owska 

Plate 8 
A, E-J. Heliosphaeridium dissimilare 
(Volkova) comb.nov. 

A, E-H. Kaplonosy IG-1 drilleore, depth 1 1 24.0 m, Kaplo
nosy-Radzyn formations, Lower Cambrian, Heliosphae

ridium-Skiagia Zone.  A. Speeimen LO 6 1 77 t (U/38/ 1 ) . E .  
Speeimen LO 6181  t (S/39) . F .  Specimen LO 6182  t 
(K/32/2) . G. Speeimen LO 6183  t (V /48) . H .  Speeimen 
LO 6184 t (T/37) . 

I-j. Radzyn IG-1 drillcore, depth 1 1 88.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone . I. Specimen LO 6 1 85 t (S/42) . j. Speeimen 
LO 6186 t (H/36) . 

B-D. Heliosphaeridium coniferum (Downie) 
comb.nov. 

B. Radzyn IG-1 drilleore, depth 1278.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

rella Zone. Speeimen LO 6 1 78 t (1/ 46/3) . 

C. Kaplonosy IG-1 drilleore, depth 1079 .0  m, Kaplonosy
Radzyn formations, Lower Cambrian, Heliospaheridium

Skiagia Zone. Speeimen LO 61 79t (H/ 43/ 4) . 

D. Terebin IG-5 drilleore , depth 3515 .5  m ,  Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6 1 80 t (Y/39/2) . 

K-N. Heliosphaeridium lubomlense (Kirjanov) 
comb.nov. 

K. Kaplonosy IG-l drillcore , depth 1 1 24.0 m, Kaplonosy

Radzyn formations, Lower Cambrian, Heliosphaeridium
Skiagia Zone. Speeimen LO 6187 t (W /39/2) . 

FOSSILS AND STRATA 29 ( 1991 ) 

L-M. Radzyn IG-1 drilleore , depth 1 188 .0 m, Kaplonosy
Radzyn formations, Lower Cam brian, Heliosphaeridium

Skiagia Zone . L. Specimen LO 6 1 88 t (G/43/3) . M. Speci
men LO 6 1 89 t (M/40/4) . 

N. Parczew IG-l O drillcore, depth 1 695.5 m ,  Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia-Liepaina Zone. 
Specimen LO 6190 t (G/38/ 1 ) .  

O.  Heliosphaeridium obscurum (Volkova) 
comb.nov. 

Radzyn IG-1 drillcore, depth 1 1 88 .0 m, Kaplonosy-Radzyn 
formations, Lower Cam brian, Heliosphaeridium-Skiagia 

Zone. Speeimen LO 6 1 9 1  t (M/40/4) . 

P-Q. Heliosphaeridium longum 
(Moczydlowska) comb.nov. 

P.  Parczew IG-1 0 drillcore, depth 1 695.5 m, Kaplonosy-Ra

dzyn formations, Lower Cambrian, Volkovia-Liepaina Zone. 
Speeimen LO 6192 t (N/47) . 

Q. Parczew IG-l O drillcore, depth 1694.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia-Liepaina Zone . 

Speeimen LO 6193  T (F/42) . 

R-S.  Heliosphaeridium radzynicum (Volkova) 
comb.nov. 

Kaplonosy IG-1 drillcore , depth 1 124.0 m,  Kaplonosy-Ra

dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. R. Speeimen LO 6194 t (X/38) . S. Speeimen 

LO 6195 t (V/36/2) . 

Scale bar at O equals 1 2  11m for E-O, R-S; 15 11m for B-D; 
20 11m for A, P-Q. 
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1 14 Malgarzata Moczydlowska 

Plate 9 
A-C. Estiastra minima Volkova 

Kaplonosy lG-l drillcore, depth 1 1 24.0 m, Kaplonosy-Ra
dzyn formations, Lower Cam brian , Heliosphaeridium

Skiagia Zone.  A. Spe eimen LO 6196 t (Z/47/ 1 ) .  B. Speci
men LO 6197 t (T/41 ) .  C. Specimen LO 6198 t (0/38) . D .  
Speeimen LO 6199 t (R/46/2) . E.  Speeimen LO 6200 t 
(R/42/2) . F. Speeimen LO 620 1 t (S/43/ 1 ) .  G. Speeimen 
LO 6202 t (P/42/4) . 

H-I . Cymatiosphaera postii Qankauskas) 
Jankauskas 

H. Radzyil lG-l drille ore, depth 1 195.5 m, Kaplonosy-Ra
dzyn formations, Lower Cam brian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6203 t (Y/39) . 

I. Kaplonosy lG-l drille ore, depth 1 1 24.0 m, Kaplonosy-Ra

dzyil formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6204 t (M/38) . 

FOSSlLS AND STRATA 29 ( 1 991 ) 

J.  Cymatiosphaera Sp. 
Kaplonosy lG-l drilleore , depth 1 1 24.0 m,  Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6405 t (0/41 ) .  

K-K1 • Volkovia dentifera (Volkova) Downie 

Lopiennik lG-l drillcore, depth 4756.5 m,  Kaplonosy-Ra

dzyil formations, Lower Cambrian, Volkovia-Liepaina Zone. 
Speeimen LO 6206 t (N/36) . K, !(I .  The same specimen in 
different foeus. 

L. Multiplicisphaeridium dendroideum 
Qankauskas) Jankauskas & Kirjanov 

Kaplonosy lG-l drilleore , depth 1 079.0 m, Kaplonosy-Ra

dzyn formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6207 t (K/34/2) . 

Seale bar at l equals 1 0 }lm for A-G; 20 }lm for H-l; 1 2  }lm 
for J; 25 }lm for K; 1 5 }lm for L. 
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1 1 6 Malgurzata Moczydlowska 

Plate 1 0  
A. Goniosphaeridium implicatum 
(Fridrichsone) Downie 

Kaplonosy IG-l drillcore, depth 1 1 24.0 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Heliosphaeridium-Skia

gia Zone. Speeimen LO 6208 t (Y/38/3) . 

B. Goniosphaeridium vanum (Volkova) 
Downie 

Lopiennik le-l drillcore, depth 4756.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia-Liepaina Zone . 
Speeimen LO 6209 t (U/41 / 1 ) . 

C-Do Liepaina planaJankauskas & Volkova 

c. Parezew lG-1 0 drilleore, depth 1 694.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Volkovia-Liepaina Zone.  
Speeimen LO 6210 t (Y/43) . 

FOSSILS AND STRATA 29 ( 1991 )  

D .  Parezew IG-I0 drillcore , depth 1 695.5 m ,  Kaplonosy-Ra
dzyn forrnations, Lower Cambrian, Volkovia-Liepaina Zone . 
Speeimen LO 621 1 t (W /54) . 

E-E1 • Tasmanites volkovae Kirjanov 

Radzyn IG-l drille ore, depth 1 1 40 .0  m, Kaplonosy-Radzyn 
forrnations, Lower Cambrian, Volkovia-Liepaina Zone . 
Speeimen LO 62 1 2  t (U/46) . EI magnified part of the 

spe eimen from E showing the wavy outline of the vesicle .  

F-G. Tasmanites bobrowskae WaZyiiska 

Radzyn lG-l drilleore, depth 1 388.0 m, Kaplonosy-Radzyn 
forrnations, Lower Cam brian, Skiagia-Fimbriaglomerella 

Zone . F. Specimen LO 621 3  t (X/35) . G. Speeimen LO 
621 4 t (V /37 /2) . 

Seale bar at E equals 20 JIm for A, G; 30 JIm for B; 25 JIm for 
C, D, F; 60 JIm for E; 35 JIm for E i .  
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1 1 8 Mal:glJYZata Moczydl:owska 

Plate I l  
A-B. Tasmanites tenellus Volkova 

A. Radzyit IG-l drillcore, depth 1 388.0 m, Kaplonosy-Ra
dzyri formations, Lower Cambrian, Skiagia-Fimlniaglome

relta Zone.  Speeimen LO 62 15  t (0/3 1 ) . 

B. Parezew IG-lO drillcore , depth 1 993.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimlniaglome

relta Zone.  Speeimen LO 62 1 6  t (X/47/3) . 

FOSSILS AND STRATA 29 ( 1 991 ) 

C-E. Tasmanites bobrowskae WaZyriska 

C-Do Parezew IG-I0 drilleore , depth 1993.5 m,  Kaplonosy
Radzyit formations, Lower Cambrian, Skiagia-Fimlniaglome

relta Zone. C-CI .  Specimen LO 62 1 7  t (E/53/3) .  C. Magni
fied part of the specimen in Ci. D. Specimen LO 62 1 8  t 
(T/51/3 ) . 

E. Radzyri IG-l drilleore, depth 1 388.0 m, Kaplonosy-Ra
dzyri formations, Lower Cam brian, Skiagia-Fimlniaglome

rella Zone.  Spe eimen LO 62 19  t (X/31 ) .  

Seale bar at C l  equals 25 lIm for A, B, E; 1 5  lIm for C;  40 lIm 
for C l ;  18 lIm for D.  
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1 20 Mal:gorzata Moczydl:owska 

Plate 1 2  
A-H. Spheromorphic acritarchs attributed 
to Leiosphaeridia sp . from the Upper 
Vendian . 

A-B. Terebin lG-5 drillcore , depth 3776.0 m, Lublin For
mation, Up per Vendian . A. Specimen LO 6220 t (A/34/3) . 
B. Speeimen LO 6121  t (K/42/3) . 

C. Parczew lG-I 0 drillcore , depth 2278.0 m, Lublin Forma

tion, Upper Vendian. Speeimen LO 6222 t (V /38/2) . 

D. Parczew lG-I 0 drillcore , depth 2241 .0 m, Lublin Forma
tion, Up per Vendian. Specimen LO 6223 t (P /42) . 

E. Radzyn lG-l drilleore , depth 1 594.0 m, Wl'odawa Forma
tion, Upper Vendian. Speeimen LO 6224 t (X/45/ 1 ) .  

FOSSlLS AND STRATA 29 ( 1991 ) 

F-H. Parczew lG-I 0 drillcore , depth 221 0.5 m, Wl'odawa 
Formation,  Upper Vendian. F. Speeimen LO 6225 t 

(F/41 / 1 ) . G. Speeimen LO 6226 t (K/38/ 1 ) .  H. Speeimen 
LO 6227 t (U/47/2) . 

Different states of preservation are displayed. All show 
compression folds on the wall .  Different appearances de
pend on the thickness of the vesicle wall and variable 
degrees of corrosion. A: Strongly corroded, thin-walled 
vesicle. B,  C, E :  Strongly corroded thick wall .  D ,  G: Thin
walled vesicles, not correded. F, H: Uncorroded but thick
walled vesicles. B, F, G: Ruptures of the wall caused by 
compression . G: Possible excystment by the median split. 
Scale bar at E equals 28 J.lm for A; 35 J.lm for B, 18 p.m for 
C; 1 5  J.lm for D-H. 
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1 22 Malgarzata Moczydlowska 

Plate 1 3  
A-J. Spheromorphic acritarchs attributed 
to Leiosphaeridia sp . from the Lower 
Cambrian . 

A. Radzyn IG-l drillcore, depth 1 5 1 7.0 m, Mazowsze For
mation, Lower Cambrian, Asteridium-Comasphaeridium 

Zone . Speeimen LO 6228 t (S/31 / 1 ) .  

B. Parczew IG-I 0 drilleore , depth 2073 .5  m ,  Mazowsze For

mation, Lower Cambrian, Asteridium-Comasphaeridium 

Zone . Spe eimen LO 6229 t (P /35/2) . 

C. Lopienik lG-l drilleore , depth 5 1 97.2 m, upper part of 
the Mazowsze Formation,  Lower Cambrian, Skiagia-Fim

lYriaglomerella Zone. Speeimen LO 6230 t (F /35/3) . 

D. Parczew IG-I 0 drillcore , depth 2 1 69.0 m, Mazowsze For
mation, Lower Cambrian , Asteridium-Comasphaeridium 

Zone . Speeimen LO 623 1 t (P/47/4) . 

E. Radzyil lG-l drillcore , depth 1 502.0 m, Mazowsze Forma
tion, Lower Cambrian, Asteridium-Comasphaeridium Zone.  
Speeimen LO 6232 t (Ql46/3) . 

F. Kaplonosy lG-l drillcore, depth 1 250.0 m, Mazowsze 
Formation, Lower Cambrian, Asteridium-Comasphaeridium 

Zone . Speeimen LO 6233 t (R/45/4) . 

FOSSILS AND STRATA 29 ( 1991 )  

G .  Parczew lG-l O drilleore , depth 2073.5 m ,  Mazowsze For

mation, Lower Cambrian, Asteridium- Comasphaeridium 

Zone. Speeimen LO 6234 t (T / 47 /2-4) . 

H.  Parczew lG-10 drillcore, depth 1993.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-FimlYriaglome

Tella Zone.  Spe eimen LO 6235 t (W/49/ 1 -2 ) . 

I-J. Kaplonosy lG-l drilleore , depth 1 079.0 m, Kaplonosy
Radzyil formations, Lower Cam brian, Heliosphaeridium

Skiagia Zone . 1 .  Spe eimen LO 6236 t (S/36/2) .J .  Specimen 
LO 6237 t (K/44) . 

Figured speeimens display different states of preservation. 
A: Strongly corroded thick vesicle wall .  B :  Sligh tly corroded 
thick vesicle wall with regular compression folds. C:  Vesicle 
with dark internal spot interpreted as coagulated intracel
lular organic matter. D: Very well preserved vesicle with 
thick and strongly folded wall .  E-G: Spheromorphic acri
tarchs undergoing cell division . H: Vesicle displaying im
prints after growth of pyrite crystals .  l-j: Possible excyst
ment by median split. Scale bar at B equals 1 5  pm for A-C, 
I-l; 25 pm for D; 1 0  pm for E-G; 20 pm for H .  
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1 24 Ma/garzata Moczyd/owska 

Plate 1 4  
A-F. Leiosphaeridia sp. 

A-B. Parezew IG-IO drilleore , depth 1993.5 m,  Kaplonosy
Radzyii formations, Lower Cam brian, Skiagia-Fimbriaglome

rella Zone. A. Spe eimen LO 6238 t (D/50/ 1-2 ) . B. Speci
men LO 6239 t (S/50/3) . 

C. Kaplonosy IG-l drillcore, depth 1079 .0  m, Kaplonosy

Radzyii formations, Lower Cambrian, Heliosphaeridium

Skiagia Zone. Speeimen LO 6240 t (H/42) . 

D-E. Parezew IG-IO drillcore , depth 2005.8 m, Kaplonosy
Radzyii formations, Lower Cambrian, Skiagia-Fimbriaglome

rella Zone. D .  Specimen LO 6241 t (W/44/ 1-3) . E. Speci

men LO 6242 t (B/49) . 

F. Parezew IG-I O drillcore, depth 1993.5 m, Kaplonosy-Ra
dzyn formations, Lower Cambrian, Skiagia-Fimbriaglome

rella Zone. Speeimen LO 6243 t ( Z/50/4) . 

G-H. Fragments of filamentous 
cyanobacterial sheaths. 

G. Terebin IG-5 drillcore, depth 3673.0 m, Lublin Forma
tion, Upper Vendian. Specimen LO 6244 t (X/31 / 1 ) . 

FOSSILS AND STRATA 29 ( 1991 ) 

H. Terebin IG-5 drilleore , depth 3672.0  m, Lublin Forma
tion, Upper Vendian. Specimen LO 6245 t ( 1/42 ) . 

Both specimens display regular annular thiekenings on the 
sheaths, presumably pre-diagenetie feature . 

I-J. 'rubular cyanobacterial sheaths.  

I .  Terebin IG-5 drilleore, depth 3672.0  m ,  Lublin Forma
tion, Upper Vendian. Speeimen LO 6246 t (R/34/4) . 

J. Parezew IG-I O drilleore , depth 2278.0 m, Lublin Forma
tion, Upper Vendian, Spe eimen LO 6247 t (R/36) . 

Both speeimens display compression folds on the smooth 
sheaths. 

Seale bar at H equals 35 }lm for A, B; 10 }lm for C; 30 }lm 

for D-F; 200 }lm for G; 65 }lm for H; 25 }lill for I; 15 }lm for 
J. 
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1 26 Malgarzata Moczydlowska 

Plate 1 5  
Miscellaneous organic remains in the 
Upper Vendian and Lower Cambrian of 
the Lublin Slope . 

A-B. Tubular cyanobacterial sheaths. 

Lopiennik IG-1 drilleore, depth 5 1 98.6 m,  Mazowsze For
mation, Lower Cambrian, Asteridium- Comasphaeridium 

Zone . A. Speeimen LO 6248 t (K/31 /4) . B. Specimen LO 
6249 t (L/35) . 

Speeimens with eoiled thiekenings on the sheaths, presum
ably due to pre-diagenetie morphology. 

C. Leiosphaeridia Sp . 

Lopiennik IG-1 drillcore , depth 5 1 98.6 m, Mazowsze For
mation, Lower Cam brian, Asteridium-Comasphaeridium 

Zone . Speeimen LO 6250 t (K/ 40) .  

Internal dark spots are interpreted as condensed intraeel

lular organie matter. 

D. Acid-resistant organic, presumably 
metazoan, remains (Arthropoda? ) .  

Kaplonosy IG-1  drilleore , depth 1 302.0 m ,  Mazowsze For
mation, Lower Cam brian, Asteridium-Comasphaeridium 

Zone . Spe eimen LO 625 1 t (Q/37) . 

E .  Ceratophyton vernicosum Kirjanov 

Lopiennik IG-1 drilleore , depth 5210.0 m, Mazowsze For
mation, Lower Cam brian, Asteridium-Comasphaeridium 

Zone . Specimen LO 6252 t (E/47/ 1 ) .  

FOSSILS AND STRA TA 29 ( 1991 )  

Acid-resistant fossil of unknown affinity. 

F. Unicellular cyanobacterium. 

Radzyll IG-1 drilleore, depth 1 5 1 7 .0  m, Mazowsze Forma
tion, Lower Cambrian, Asteridium-Comasphaeridium Zone . 
Speeimen LO 6253 t (R/50/2) . 

G. Mosaie of particulate organic matter in 
permanent mount from kerogen-enriched 
deposits of the Lublin Formation . 

Terebiri. IG-5 drillcore , depth 3672.5 m, Lublin Formation ,  
Upper Vendian . 

H.  Organic envelope after growth of 
framboidal pyrite on a fragment of organic 
matter. 

Terebiri. IG-5 drilleore , depth 3719 .0  m, Lublin Formation ,  
Upper Vendian . Specimen LO 6254 t (W/45/2) . 

I .  Sphaerocongregus vanabilis Moorman 

Terebiri. IG-5 drillcore , depth 3719 .0  m, Lublin Formation ,  
Upper Vendian . Speeimen LO 6255 t (Y/ 40/3) . 

Seale bar at B equals 1 5  )lm for A-D, F, H, I; 40 )lm for E ;  
200  )lm for G .  
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paper. (7) Main text. (8) List of referenees. (9) Figure captions. 
( l O) Plate captions. ( I l )  Tables with captions. 

Use four of fewer grades of heading in the main text: Large size 
roman (mark this heading with an initial '$2 ' ) ,  smaller size roman 
( '$3 ' ) ,  smaller size italics ( '$4' ) ,  and lower case italics flush with the 
text (followed by a full stop, space, double hyphen, space, and the 
subsequent text en suite) . Do not num ber the headings. 

Do not provide a separate table of contents. AJI detached head
ings ($2-$4) will be extracted by the editor for a table of contents. 

Any characters not available from the keyboard should be coded 
as a unique combinations of keyboard characters (e .g . ,  $a, @ l . . . ) .  
The editor will provide a list o f  recommended codes. N-<lashes (as 
in 'pp. 234-236 ' ,  ' Cambrian-Ordovician ' ,  ' 25-40 �m' ,  e tc . )  should 
be coded as double hyphens (- -) . 

Construet synonymy lists as run-on paragraphs with each new 
entry marked by a square symbol (may be coded as '$F' in the 
word-processor) , thus: O [year] [ taxonomic name and authorship 
exactly as given in the cited publication] - [author(s)  of paper] , 
[page and figure referenees] . 

Avoid footnotes. Digressive material, not possible to place within 
parentheses, to delete, or to incorporate in the main text, may be 
set as discrete paragraphs in smaller type (mark this section with 
' [begin petit] ' and ' [end petit] ' in the text) . 

SI (Systeme International d 'Unites) units should be used wherever 
possible.  

Literature citations in the text should be given as the author's 
surname followed by the year of publication with no intervening 
comrna; placement of the parentheses depends on the structure of 
the sentence. Do not vex the reader with 'op. eit. ' ,  ' ibid. ' ,  etc. Note 

that an ampersand (&) is used for joint authorship in citations and 
referenees. Entries in the reference list are to be listed alphabeti
cally in order of authars' names in accordance with the following 
examples. 

Henderson, R.A. 1974: Shell adaptation in acrothelid brachiopods 
to settlement on soft substrata. Lethaia 7, 57-6 1 .  

Lindstrom, M. 1 97 1 :  Lower Ordovician conodonts o f  Europe. In 
Sweet, W.c. & Bergstrom, S.M. (eds. ) :  Symposium on conodont 
biostratigraphy. Geological Society 0/ America, Memoir 127, 21-6 1 .  

Popov, L.E. 1 975: Bezzamkovye brakhiopody i z  srednego ordovika 
khrebta Chingiz. [Inarticulate brachiopods from the Middle 
Ordovician of the Chingiz Range. ]  Paleontologicheskij zhurnal 
1 975:4, 32-4 1 .  

Rudwick, MJS. 1 970: Living and Fossil Brachiopods. 199 pp. Huteh-
inson, London. 

lf there are severaI references to any one au thor, the name should 
be repeated in each entry. Titles of articles should be decapitalized, 
except in cases where this would violate a language convention. 
Cyrillic letters should be transliterated according to the ISO Stan
dard 833 ( 1 974; available from the editor) . Serial titles should not 
be abbreviated. 

Figures, plates and table captions should be self-explanatory but 
as short as possible. Jf a figure contains lettered items, list them en 
suite in the caption and insert a square symbol (code '$F')  immedi
ately in front of each entry (OA, etc . ) . AJl figured speeimens should 
have a reference to their provenance and present location (mu
seum or similar registration num ber) . 

Illustrations. - AJI illustrations must be dearly marked with the 
author's name and figure number. Plan the figures so that they 
take up the entire width of the type area ( 1 70 mm) or the width of 
one column (81  mm) . If an intermediate width has to be used, do 
not exceed 1 27 mm. In the event of a full-page illustration, try to 
allow space for the caption to come within the page depth, 
254 mm. Plates should be constructed for an area of 1 70x254 mm, 
but it is usually preferable to arrange all illustrations as figures to 
be placed in their proper positions in tlle text. 

The cost of reprodueing a figure is based on the smallest rectan
gular frame in which the figure can be inserted. Use that frame !  Do 
not leave open corners or unnecessary space between items, Do not 
let text or lettering pro trude outside the frame of the figure. 

Photographs should be printed on white paper with glossy fin
ish . They must be clear and sharply contrasted, but without pro
nounced light areas and heavy shadows. Jf ineident light is used for 
illumination, the light should fall consistently from t1le upper left. 
Stereo-pairs should be moun ted at a maximum distance of 70 mm. 
In a composite figure, all items should be of similar tone and 
contrast. Composite figures should con sist of regular units as far as 
possible. Mount the photographs on cardboard. Jf a clean back
ground is desired, provide originals that have an even black back
ground tone or submit overlays for blocking out to an either black 
or white background (see Bengtson, S.  1986: Preparing dean 
backgrounds in published photographic illustrations. Lethaia 1 9:4, 
361-362; available on request from the editor) . If a photographic 
figure consists of severaI rectangular items, make sure that the 
intervening narrow strips are directly reproducible, preferably by 
mounting the prints edge to edge with white adhesive strips over 
the joints. 

Line drawings should have lines of even thickness and blacken
ing. Do not use gray or too densely screened (more than 40 
lines/ cm) surfaces. If the figures indude text, Do Not Monumen
talize the Text by Capitalizing Words. For metric units, use the 
standard symbols - �m, mm, m, km - there should be no capitals 
(at least not for length units) , no plural, no genitive, no hyphens, 
and no periods. Separate the symbols from the number by a space. 
Do not leave out zero befare decimal points. 

Line drawings and half tones should not be combined in the 
same figure without good reason.  Place text and lettering on the 
figure, normally on its background pOl·tions. 

Lettering ofitems in composite figures (A, B, C, etc . ;  not a, b, c . . . ) 
and plates ( l ,  2, 3, etc . )  should be distinet but not dominant, and 
placed as consisten tly as possible in the different items. Use transfer 
lettering or high-quality print of simple, sans-serif, semibold type
faces such as Helvetica. 




